EDITORIALLY SPEAKING 


Soviet Commitment to Education,” 
the report of the Government’s education mission to 
the Soviet Union should be required reading for all 
Americans. The document, available from the Govern- 
ment Printing Office for 70 cents, puts into sharp focus 
the differences between our system and that under the 
new Soviet “Law on Strengthening the Ties of School 
with Life and on the Further Development of the Sys- 
tem of Public Education in the U.S.S.R.” The best 
use of our space will be to quote and let our editorial 
urging shout from between the lines. Since the report 
studiously avoids comparisons with the United States 
system, we hope the danger of quoting out of context is 
minimal. 

A nation committed: 

The one fact that most impressed us was the extent to which 
the nation is committed to education as a means of national ad- 
vancement. In the organization of a planned society in the 
Soviet Union, education is regarded as one of the chief resources 
and techniques for achieving social, economic, cultural, and 
scientific objectives in the national interest. Tremendous re- 
ponsibilities are therefore placed on Soviet schools and compre- 
hensive support is provided for them by all segments and agen- 
cies of Soviet society.... It is generally conceded that from 10 
to 15% of the total national income is channeled into education 
of all types. 

One of the leading Soviet educators told us, “We believe in a 
= society; you believe in individual initiative. Time will 


Teacher education: 


In the preparation of both elementary and secondary school 
teachers, there appeared to be an increasing emphasis on solid 
subject matter content, with less on pedagogy.... It is esti- 
mated that Soviet teacher trainees spend 40% of their time on 
preparation of their major subject, 15% on technological applica- 
tion of their specialty, and 15% on the specific method of teaching 
their major subject. The remainder is divided among general 
pedagogy, psychology, foreign languages, physical education, and 
political indoctrination. 

Soviet teacher educators consider practical work, that is—ob- 
servation of teaching, student participation in classroom activ- 
ities, «nd practice teaching—to be of the highest importance. 

Fiv: years of Soviet teacher training add up to about twice the 
= gt of classroom and practice hours as a five year course in 

Out of approximately five students who apply for admission to 
aN institution of teacher education, one is accepted. 


Science education for Soviet children: 


The State pays particular attention to the education of scien- 
tific workers. It provides for their early years of scientific educa- 
tion and training, encourages them in various ways, and helps 
them develop in the science field. Pupils without the ability or 
talent to become scientists use the scientific training they receive 
as a base for a polytechnical education which prepares them for 
industrial work. 

Science education begins in the kindergarten. There a ground- 
work for scientific habits in the observation of natural phe- 
nomena and plant and animal life is laid before they enter the 
general school... . . Natural science subjects occupy an impor- 
tant place in the study plan. Particularly important is physics, 
which aims at acquainting the pupil with natural phenomena and 
the basic principles of production processes. 

The study of chemistry begins in the seventh grade with ele- 
mentary instruction on substances and their transformations; 
on atomic and molecular studies and the principal laws of chem- 
istry; on oxides, bases, acids, and salts; and on the properties of 
oxygen, hydrogen, the air, and water. In grades 8, 9, and 10 a 
systematic course calls for the study of chemical elements accord- 
ing to the periodic table as well as a study of their combinations. 

Demonstration experiments are designed to point up the indus- 
trial aspects of the subject by emphasizing the chemical basis for 
obtaining substances in industrial production. For this purpose 
the students do laboratory and practical work and visit local 
chemical plants. 


The Academy of Sciences: 

The most dynamic element in Soviet education and technology 
appeared to be the institution called “The Academy of Sciences.”’ 
By sciences Soviet educators mean all branches of knowledge— 
the humanities, the social sciences, and the natural sciences. 

It was of special interest to note the virtually unlimited sup- 
port for basic research that the Soviet Union is providing through 
the U.S.S.R. Academy of Sciences and the Republic academies. 
Apparently, the Soviet Government considers basic research to 
be the most practical investment it can make. This: attitude, 
along with the high prestige accorded brain power in the Soviet 
Union makes the Academy of Sciences the most powerful scien- 
tific institution that many of us have ever known. 


Conclusions: 

The strongest impressions we retain include the zeal of the 
people for education and the rapidly increasing degree of educa- 
tional opportunity. 

In the light of all we saw, we cannot stress too firmly our con- 
viction that our nation must never forget nor underestimate the 
power and potential of education. 
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Karl F. Heumann! 

and Peter M. Bernays 
Chemical Abstracts Service 
Columbus, Ohio 


That foreign languages should be impor- 
tant to Chemical Abstracts might well be guessed by 
everyone who reads this paper. But the problems 
they bring throughout the system may not be so ob- 
vious. A review of how foreign languages are dealt 
with at Chemical Abstracts may be of interest in itself 
and may also provide information of value to others 
who must face the same problem. 


Languages Used in Abstracting 


The following list shows the languages in which we 
know that chemical information reaches publication, 
and with which, consequently, we must deal: 


Afrikaans Gaelic Norwegian 
Arabic Georgian Persian 
Armenian German Polish 
Azerbaidzhani Greek Portuguese 
Hebrew Romanian 
Hindi Russian 
Hungarian Russian (white) 
Icelandic Serbian 
Indonesian Siamese 
Interlingua ~ Slovak 
Italian Slovenian 
Japanese Spanish 
Javanese Swedish 
Korean Turkish 
Latin Ukrainian 
Latvian Welsh 
Lithuanian Yiddish 
Macedonian 

A count has been made on the Volume 52 (1958) 
abstracts in Chemical Abstracts to determine the fre- 


quency of occurrence of these languages. Every 
column in Volume 52 which ended in a ‘‘1” was counted, 


inese (modern) 


Table 1 


Number of 
abstracts 


Percentage 


50.49 
16.80 


NOR 
On 


All others 
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Fifty Foreign Languages 
at Chemical Abstracts 


giving a 10% sample. Only articles (not pateits) 
were included, and “parts” of an abstract, usually 
from a series of papers, were counted separately. The 
results of this count are presented in Table 1. 

The omnibus entry includes articles from Hungarian, 
Chinese, Serbo-Croatian,* Portuguese, Dutch, Scandi- 
navian (combined), Finnish, Greek, Latvian, Afrikaans, 
Estonian, Gaelic, Hebrew, Turkish (in that order), 
and 29 undetermined. The latter arise mainly from 
abstracts we copy out of other abstracting periodicals; 
it is not always possible to tell what the original lan- 
guage was. 

It is worth pointing out that the 10% sample from 
only one annual volume turned up 30 different lan- 
guages. 

Some earlier data of a more restricted sort have been 
reported by Boig and Howerton (1). 

An interesting comparison can be made with Current 
Chemical Papers, which covers a restricted number of 
chemical journals in pure chemistry. Each citation 
in the listing gives also the original language. A 10% 
sample of the 1958 volume of Current Chemical Popers 
gave the results seen in Table 2. 

Here the ‘All others” includes (in rank order) 
Spanish, Dutch, Hungarian, Chinese, Scandinavian, 
Ukranian, Finnish, Portuguese, and Serbo-Croatian. 

A few other analyses of language sources have 
appeared in the literature. The most directly com- 
parable concerns the medical literature; it appears in 
an excellent article by Brodman and Taine (2). 


Table 2 


Percentage 


All othe: 


A paper presented at the 135th National Meeting, Americal 
Chemical Society, Boston, Massachusetts, April 6, 1959. 

1 a address, National Academy of Sciences, Washington 
26, ©. 

* For the purposes of this paper, Bohemian is preferred as 4 
name over Czechoslovakian. 

* Although Serbian and Croatian are separate languages, they 
were counted as one for purposes of our survey. 
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The data tabulated there include these figures 
(Table 3): 


Table 3 


Languages 
English 
German 
French 
Japanese 
Italian 
Spanish 
‘“ olylingual’”’ 
Russian 
Portuguese 
Polish 
All others 


The ‘‘All others” includes (in rank order) Dutch, 
Bohemian, Hungarian, Serbo-Croatian, Chinese, Dan- 
ish, Swedish, and several more. 

Other disciplines such as psychology (3) and biology 
(4) have also been concerned with this problem. A 
good general book on the language problem in science 
has been edited by J. E. Holmstrom (4). 


General Language Problems 


Languages are one of the areas of concern to the 
editors of Chemical Abstracts in the preparation of the 
semimonthly issues, in the preparation of Author and 
Subject Indexes, and in the preparation of the List of 
Periodicals Abstracted. Some of the problems are 
unique to each of these activities and will be enumerated 
later under the discussion of each activity, and some of 
the problems are involved in several phases. These 
latter problems will be discussed now. 

Transliteration, as compared to translation, fre- 
quently presents problems. The difficulty here lies 
in the fact that there are several systems in current 
use for transliteration from one alphabet to another. 
For instance, in the transliteration of an author name 
from Russian to German one would frequently find the 
use of “wsky” as an ending. Transliterating by the 
system used by Chemical Abstracts, one ends up with 
“vskit’ with a breve over the second “‘i.’’ Or consider 
the case of transliteration of a Chinese name into Rus- 
sian, followed by a subsequent transliteration into 
English. Thus, standard systems of transliteration 
not only of author names, but also of proprietary 
names and names of places, are needed. 

Another problem, and one that is probably recognized 
without too much hesitation, is that of translation. 
Chemical Abstracts publishes all information concerning 
an article that it has abstracted in English, with the 
exception of the journal reference and the name of the 
laboratory at which the work was done. Thus, we are 
dependent upon abstractors not only for a good, sound 
abstract, but also for a proper translation of the title of 
the paper. A typical example in this field follows: 
Patterson’s “German-English Dictionary for Chem- 
ists” gives as the English equivalent of “Braunkohle” 
either “brown coal” or “lignite.” According to our 
expert in coal, Dr. Fieldner, of the U.S. Bureau of 
Mines and Section Editor since 1921 of Section 21 
(Fuels and Coal Products), there is a great distinction 


‘Corrected figure. Private communication from Mr. Taine. 


between these two. Dr. Fieldner has stated that the 
usual material found in Germany is brown coal, not 
lignite. Thus, CA editors have a memorandum (one of 
many) which cautions them to question the use of the 
word “‘lignite’ when used in abstracts of German 
papers. 

Editors, whether they are working with manuscript 
proof or Author Index proof are bothered by the proper 
division of words from foreign languages. Many 
times the printer will write on the margin of a galley 
“division OK?” The best solution to this problem 
is to consult a person who knows the language fluently; 
however, this is not always possible. On the other 
hand, one can learn some simple rules or can try to 
pronounce the word. Thus, no one would approve 
of this type of division, although I have actually seen 
it in proof: Schw-artz. Mr. Clouser (private com- 
munication) of the Hercules Powder Company Tech- 
nical Information Service has called our attention to 
Ostermann’s (6) work on foreign languages for use of 
printers, librarians, and bibliographers. Here rules 
for division of 150 languages are given. 

In alphabetizing material from foreign languages, 
one runs into a problem of gender and case which must 
be considered. 

Fortunately, all of the above problems are becoming 
easier to solve at Chemical Abstracts; the recent in- 
crease in staff has brought with it many who possess 
unusual language abilities. A survey of these abilities, 
made in October 1958, showed that the staff was ca- 
pable of reading or translating 23 different languages. 
One of our editors was listed for 13 different languages. 


Language Problem in Acquisition and the Library 


The special problems of language start with acqui- 
sitions and library routines. Received material has 
to be identified as to language, often by clerical workers. 
Many journals have no Latin characters in them at all. 
In this situation we have been helped by the procedure 
described by Clouser and Skolnik (7). There is also a 
useful and fascinating book which gives samples of 
over 800 languages in printed form. More than 80 
alphabets are represented (8). The newer version of 
this reference gives samples of 1008 languages. 

Journals frequently have their titles given in several 
languages. An example is: Sopront Miiszaki Egyetemit 
Karok, Bdnyamérnéki és Féldmérémérnéki Karok Kézle- 
ményei, which prints its title on the cover in Hungarian, 
German, English, and Russian. A recent number had 
articles printed in only English and German. With the 
articles thus printed in different languages, it some- 
times takes close inspection to identify the correct 
location in our ‘“‘Receiving”’ records. 

Capitalization in CA’s List of Periodicals (9) has 
been influenced by language. Thus, the first word 
and all nouns will be capitalized in the title of a Ger- 
man periodical. Other languages with definite rules 
of procedure are Croatian and Bohemian (Czech). 
For transliterated titles, all principal words are capi- 
talized. 


Language Problems in Assignments and Abstracting 


Once the library has procured and recorded a journal, 
it is turned over to the Assignment Department. This 
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department is charged with selecting articles of chemical 
interest suitable for inclusion in Chemical Abstracts, 
with the further selection of the proper abstractor, 
and with the preparation of an assignment card to that 
abstractor. The work is carried out by several chem- 
ists assisted by clerical workers. 

Material in Russian is immediately separated from 
all other material since one of the staff chemists is 
Russian-born and handles that language with ease. 
At the same time he can handle Ukrainian, Bulgarian, 
and White Russian. Armenian and Georgian also go 
to this worker although here he is dependent on Rus- 
sian summaries. All other languages go to a chemist, 
native American, with a reading knowledge of French 
and German. French helps with other romance lan- 
guages, German with those of Teutonic origin. This 
leaves the Balto-slavic groups as a problem. In 
actual fact, however, many of the journals which are 
received at Chemical Abstracts which are not in English, 
German, French, or Russian carry at least the title of 
the article in one of these languages and sometimes 
carry even lengthy summaries in several languages. 
This is, of course, helpful. It permits the assigner to 
select the articles of chemical interest and to determine 
what field of chemistry isinvolved. As far as is known, 
there is only one English-language journal received at 
CA that carries summaries or titles in a foreign tongue. 
That is the British periodical, Foundry Trade Journal. 

There are several multilingual journals carrying 
the same article in English plus another language. 

Japanese journals, in Japanese, are handled for CA 
by a group in Japan. An occasional article in Jap- 
anese can be assigned from the Chemical Abstracts 
office if there is a summary or title in a language 
using the Latin or Cyrillic alphabet. Of course the 
author name(s) must be so given also. Material 
coming from the Chinese mainland is divided by the 
assignment group into two sections. The section 
without Latin or Cyrillic tables of contents or the 
equivalent is assigned as a whole journal. That 
material which does have table of contents, or equiva- 
lent, in either the Latin or Cyrillic alphabet is processed 
in the usual manner. 

Naturally, a decision as to the language involved 
is of the greatest importance. Recognition of the 
country of origin, or the city of publication, or the 
university from which issued is a big help. Question- 
able cases are usually settled by reference to the article 
by Clouser and Skolnik (7). Again, recourse to 
language specialists at Chemical Abstracts or the Ohio 
State University is always helpful. 

After the language and field of chemistry have been 
determined, selection of the abstractor is made. Un- 
fortunately, we do not have a specialist in each of the 
50 languages for each of the 700 or more categories of 
chemistry into which the records are divided. Thus, 
in Finnish, as an example, a paper in colloid chemistry 
would be assigned to an abstractor with a command of 
Finnish who has expressed an interest in physical 
chemistry. In English, on the other hand, such an 
article would go to a colloid chemist. One can never 
jump the boundary of language, unless it be from Dutch 
to Afrikaans, whereas one can always go from the more 
specific classification of chemistry to a general one. 
Procurement of abstractors in various fields and 
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languages is a major item of concern to the Assign nent 
Department at CA. As the library finds more and 
more journals from a certain geographic area, we find 
that there are more and more articles to be assigned iy 
some language. Current shortages exist in Russia 
(a perennial problem), Chinese, Polish, Bulgsrian, 
Bohemian, and Hungarian. This does not mean that 
abstractors for other languages or even English are not 
needed. Interested persons should write to Chemical 
Abstracts Service, The Ohio State University, Colun- 
bus 10, Ohio. 

Assignment cards are typed for each article. In. 
formation on the card includes name of abstractor, 
name of author(s), title of article in original language, 
journal reference to include language of article if this 
is not obvious from title of journal, and address oj 
author(s) if article is in English. Naturwissenschafter 
is a German-language journal but publishes occasional 
articles in English. Thus, for an English article in the 
above journal, the reference would read: Naturwissen- 
schaften 45, No. 13, 412-17 (1958) (in English). The 
typists must be able to recognize common languages; 
they must be able also to distinguish between authors’ 
academic degrees and titles, as compared to names and 
initials. 

Another language problem that assignment typists 
have is to recognize the main title, as compared toa 
subtitle in an article which is one of a series. Some- 
times this information about series is given as a foot- 
note; sometimes the article will say: “Study on 
Alkylation, Part III of Properties of Cycloalkanes,” 
while other times the title will be: ‘Properties of 
Cycloalkanes. III. Study on Alkylation.” Remen- 
ber, this is in French, German, Spanish, etc., not in 
English. No clerical help available can read the 5) 
languages with which we are concerned today. 


Language Problems in Editing Manuscript 


In editing work, one must keep in mind that in many 
instances English is the foreign tongue to the abstractor. 
Much of CA abstracting is done by individuals selected 
primarily for their knowledge of chemistry and a 
foreign language and secondarily for their ability to 
write clear and concise English. We have noticed in 
the last few years a decided improvement in the quality 
of the abstracts received at the Editorial Office. This, 
we believe, can be attributed to two factors: in the 
first place, abstractors are continually gaining exper'- 
ence and becoming better acquainted with the require- 
ments for a good abstract; and in the second place, 1 
many parts of the world English is becoming : more 
common language. In any event, use of ‘broken 
English” by the abstractor still requires adcitional 
editorial time. 

In many cases foreign patents have been abstracted 
for C/A by individuals at the patent office of the ioreig 
country. This has saved CA the cost of pur. hasing 
and assigning patents but has resulted in abstra«ts that 
were prepared by other than specialists in the field. 
Editors have noticed this lack of complete kn: wledge 
by the abstractor, coupled with poor term/:ology: 
Because of the growth of the patent literature CA's 
assigning more and more of the patents frm the 
Columbus office. 
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The editorial staff has noted several general defects 
concerning the quality of abstracts prepared from 
foreign language articles which might be enumerated 
here’ 


Th: abstracts are prepared by nonspecialists; that is, the ab- 
stractor was selected for his language ability, not for his 
knowledge of the field. 


Th. abstractor uses archaic words; this happens because dic- 
tiou.aries are not so up-to-date as one would like. 


The stress at present seems to be on production of English- 
Foreign language rather than on Foreign language-English 
dictionaries. 


The organism names selected by abstractors are not in line 
with the common usage of CA. Thus, corn and maize are 
con/used. 


Some abstracts published by CA are taken from other 
abstract journals such as Referat. Zhur., Khim. or 
Biol. Abstr., etc. These “copy” abstracts are no 
better than the abstracts from which they are copied. 
Thus, it can happen that the difficulty becomes com- 
pounded. 

Organic nomenclature problems arise from faulty 
translations. The article as abstracted may make 
good sense, yet does not present the true story of what 
the author actually did. This type of error is extremely 
difficult to catch in editing. Thus, the author may 
have started with ethyl phenylacetate. This was 
translated by the abstractor as phenylethyl acetate or 
phenylethylacetic ester. Naturally, there is a big 
difference here. These errors can creep in even from 
such common languages as German and French. 


Language Problems in Author Indexing 


Definitive rules have been adopted by the Chemical 
Abstracts office with regard to use of capital or lower 
case letters for names containing von, van, van der, 
ete. These depend on the country in which the indi- 
vidual resides. Thus, in Holland the name is Diji, H. 
van, alphabetized at D; in America, Van Diji, H., 
alphabetized at V. What does one do if this Dutch 
gentleman comes to the U.S. on a postdoctoral fellow- 
ship and publishes some work in an American journal 
fom an American University? Similar problems 
exist with the use of de, di, le, la, etc., in names. 

The major ones are involved with transliteration 

(mentioned earlier) or with double names or with such 
things as the distinction between Latvian and Russian 
spelliny of the same name. 
Spanish names are indexed under the double name, 
Le, a Spanish patent at CA 51, 5392b was issued to 
Manuc! Perez-Balsera Cabellero, among others. This 
work in the Author Index for Volume 51 will be found 
at Perez-Balsera Cabellero, M. On the other hand, 
Portugese names are indexed under the single last 
hame. A paper (CA 51, 14300c) on cane molasses, 
publishd in Brazil, was written by several authors 
including Naney de Queiroz Araujo. Portuguese is 
the native language of Brazil, thus this name appears 
in the Author Index as Araujo, N. de Q. 

East Indian names containing Rao and/or Sri are 
usually placed in the Author Index under the last part 
of the name unless from experience or from a letter 
from the author we know better; thus, in Volume 51 


there is an author entry Rao, B. C. 8. see Subba Rao, 
B.C. 

We do not use “Mrs.” unless we have to. Thus, if 
both Peter M. Bernays and his wife (using the name 
Mrs. Peter M. Bernays) are chemists, we cannot run 
the author index entry as Bernays, P. M. or even 
Bernays, Peter M. We need to know Mrs. Bernays’ 
given name or use Mrs. to distinguish her from her 
husband. But it is often difficult to recognize a 
masculine versus a feminine name in Hindi, Arabic, or 
Chinese. And then what should the Author Index do 
when Sally Jones suddenly starts publishing as Sally J. 
Smith? Send a wedding present? CA will normally 
run an entry: Jones, Sally, name changed to Smith, 
Sally J. 

Recently we came upon this problem of author names 
as varied in transliteration from Chinese into English 
directly and via Russian: 


Chinese characters: 


Russian version: YBen-Kait Uxnoy Tyan—axa0 
Russian 

transliteration: U, Ven-Khal Chzhou, Guan-Chzhou 
English name: Wu, Wen-Hai Chou, Kuang-Chao 


Language Problems in Subject Indexing 


The special problems here are mostly ones of deciding 
what spelling to use. For instance, should all trivial 
names containing the root ‘‘pharm,”’ as in Pharmacy, 
be changed to “‘ph,”’ even if the original language used 
an “f”’? asin Farmacie? Our decision is to stay with the 
original spelling. 

Another language problem in subject indexing is 
that of ‘‘shop language.”’ By shop language we mean 
the terms used in a specific industry which may not 
mean the same as they do in chemical nomenclature. 
For instance, the drug chlorobutanol is actually 1,1,1- 
trichloro-2-methyl-2-propanol. Another example: the 
detergent trade frequently speaks of dodecylbenzene- 
sulfonic acid, meaning benzene sulfonic acid to which 
is attached a 12-carbon sidechain. Dodecyl in chem- 
ical nomenclature actually means the normal 12-carbon 
chain; rarely does the trade mean the normal dodecy! 
group. Thus, the trade language for the compound 
is not the same as the index entry. Again, the petro- 
leum industry may speak of octanes; octane to the 
indexer means normal-octane. The problem here is 
not one of a foreign language but of another version of 
English. Compound this by translations from foreign 
languages, and you realize that subject indexing, too, 
has its language problems. 


Conclusion 


We have mentioned some of the difficulties which are 
encountered in the preparation of Chemical Abstracts, 
with reference to the language problem. By no means 
have we pointed out all of them; in many cases we 
merely have suggested possible solutions. A general, 
but unreachable, solution seems to be the use of 
technically trained people who have an intimate, 
up-to-date knowledge of each language. Comments 
on any points made will be greatly appreciated. 
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Vi 
Scientific words are more important popular in scientific literature in spite of effort to boa 
as written language than as spoken language. In propagate it. Naturally, Japan needs a nomenclature E 
Japan, Chinese characters and a set of Japanese in which rules and chemical names are given by Chinese 
phonetic letters which is called Kana are used in characters and Japanese letters. — 
scientific papers, books, and other documents almost Prior to the introduction of the modern sciences, PI 
exclusively unless they are prepared in foreign lan- scientific terms and names already existed in Japan, 
guages. The Romanized Japanese writing is not yet but as foreign scientific information was imported, it Bea 
was conveyed by foreign words. The foreign words P 
were put into Japanese by the combination of two ee 
methods, namely, translation and _ transliteration. Q 
oe = - Chinese characters were used for translation. Each 
AI7 |” sa | Ta Ed of those characters forms a hieroglyph and has a 
ls definite meaning as well as a definite pronunciation. 
Figur 
ulyl7z|/Z/Z%lzl7lalalely Japanese letters, each of which denotes a sound only, 
lz were used for transliteration. refe 
se_| TE Transliteration puts foreign words into Japanese viol 
els im le letters with sounds which resemble the pronunciation int 
bi 4 of the original foreign words. However, foreign words T 
are not, and cannot, be transliterated exactly as they mu 
G6|z\|0 B|P are pronounced in their respective native tongues. wol 
A In| Fr) Z why In Figure 1, a set of 51 Japanese phonetic letters is liter 
| Pa i a ele shown in Katakana style. The sound of each letter was 
is obtained by combining the consonants at the top wer 
U 7 | 2 | du 7 |7 line and the vowels at the left column. The vowels of 
E me are A,I,U,E, and O. Each letter, including N, makes 
6 Paras rar one syllable. Thus, a word like Shinichi, when written ) 
ee in Romanized writing, becomes a very confusing one to 
Figure 1. read because it can be read in two ways, either Shi- L 
n-i-chi or Shi-ni-chi. Again these are differeni from | 
1 With permission of the original author, Professor Y. Urushi- Shinnichi which is read ee Shi-n-ni-chi. and T 
bara, the writer has made some changes in order to make it more There are a few irregular sounds in the S in i 
understandable to the American people. Those changes include columns. They are Shi in the S column and (ii and 
omission of some sentences, rewording, and use of eight figures. Chi and Tsu in the T column. 
en — —— been exerted to reserve the original Some of the consonants are modified to form voiced 2 
consonants. For example, G from K, Z from §, D 


clature at the 134th Meeting of the American Chemical Society, 
Chicago, Illinois, September, 1958. 
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from T, and B and P from H. Those voiced cons0- 
nants are distinguished from the original letters by 


> 
” 
’ 
O 
2 
“ff 
Y 


putting two dots or a small circle at the upper-right 
corner of the letters. 

In Figure 2 are shown some typical methods by 
which the transliteration is done. Roughly speaking, 


XI], 


“ges,” all vowels are transliterated as short sounds except 
2, 1 0 in OL or -OSE, and A in -AL. L is transliterated 
’ as R, V as B, PH and F as H, TH as T (orS), QU as K, 
Many and so on. Some Japanese sounds are expressed by 
criean a combination of two letters, one letter and a subscript, 
Chov- as in Phenyl or Phenol. 
am, Japanese chemical names are formed by mixed 
racted trans!ation and transliteration (Fig. 3). For example, 
56. acetic acid is translated as Sakusan, which means 


vinegar acid, and butyric acid as Rakusan, which means 
dairy or butter acid. Acetamide is transliterated as 
Asetamido, since there is no corresponding translation 
for amide. In the case of propionic acid, the word 
acid (San) is translated and propionic is transliterated. 
Transliteration is used much oftener than translation 
because many chemical names are derived from words 


“OL, -OSE, A-w, A--A 
re RU su 
RI GU RO ' N 
VINYL BUTYRAL, = w 7 
to 
ture ETHYL, t+ wv 
nese CHI RU 
Ces, PHTHALO-, 7. 
an, HU TA RO 
it 
PHENYL , = wv (77 
two FE Ni RU 
ion. 
QUINONE , / y (2: 22) 
3a KI NO N QUA QUE 
on. 
ily, Figure 2. 
referring to things which have not been known pre- 
ese viously in Japan. Those words cannot be expressed 
lon in the Japanese native tongue. 
rds The transliteration of chemical words has caused 
ley much confusion. English, German, and other foreign 
words were chosen randomly as the origin of trans- 
IS literation. To make matters worse, the same substance 
ber was sometimes called by two or more names which 
op were obtained by the transliteration of foreign names 
els of different languages. Recently one name has been 
es 
en ACETIC ACID, Be | mR 
to SA KU SAN 
hi- VINEGAR ACID 
m BUTYRIC ACID, Bs | BE 
RA KU SAN 
T “= BUTTER ACID 
d SE TA bo 
PROPIONIC ACID, | a | | 
pu | RO | pt | o | | SAN 


Figure 3, 


KETONE 

KE To N 
ALDEHYDE 

A RU OE HI Lele) 
ESTER 

Su TE RU 
BUTADIENE } 

BU TA Ji N 
BENZINE Nyyy 

BE Ji 
BENZENE 

BE N ze N 
QUININE 

Kl NI 
XYLENE y 

KI SHI RE 
Figure 4. 


selected and the others discarded. In doing so, the 
most widely used transliterations were adopted, the 
majority of which are of German origin. Several 
examples of such words are shown in Figure 4. Ketone 
is transliterated as Keton, aldehyde as Arudehido, 
ester as Esuteru, benzine as Benjin, benzene as Benzen, 
quinine as Kinin, and xylene as Kishiren. 

At the same time, some rules for transliteration 
have been provided and English names chosen for the 
origin of new transliterations. But, if the new English 
names are composed of old, known words, the names 
are often transliterated as if they were German. 

Another characteristic of Japanese transliteration is 
disagreement in the number of syllables with English 
usage. All Japanese letters are voweled sounds 
except that for N. Therefore, except for N, English 
consonants have to be translitereated as if they were 
followed by certain vowels even if they are really not. 
Most consonants are followed by a light U sound as in 
put, and t and d are followed by a light O sound as in 
obey (Fig. 5). Moreover, composite words are divided 


u[put], o[osey | 
HO RU Mu: RU 00 
PHENOLPHTHALEIN 72 7 VY 4 y 
Fe wO HU TA. RE 
ETHYLBENZENE Wy # y 
CHI RU - BE ze 


Figure 5. 


into their components. In this way, the number of 
syllables in a transliterated Japanese name may be 
greater than that of the corresponding English name. 
For instance, formaldehyde is transliterated as Hor- 
umu-Arudehido; phenolphthalein is transliterated into 
nine letters and read in eight sounds. 

The original nomenclature rules of the International 
Union of Pure and Applied Chemistry are provided 
in English and/or French. Direct translation and 
transliteration of the rules give difficulties because the 
translated rules cannot be applied directly to Japanese 
names. 
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| 


* 


BUTANE 


BUTENE 


| 


BUTYL 


* 


BUTANOL 


* 


DECANE 


DECENE 


DECYL 


Figure 


Some of the difficulties are shown in Figure 6. 
In English, butene, butyl, and butanol are derived 
from butane by changing or adding suffixes. In 
transliterated Japanese, ta, te, or ty is transliterated into 
one letter and cannot be divided in two letters. There- 
fore, when deriving butene from butane in Japanese, 
the second letter has to be changed from 7'A to TE. 
Butan becomes Buten. Then, the root of the word is 
lost. Another type of difficulty is met when a suffix 
which starts with a vowel is to be added to a name 
ending with N. As mentioned before, the Japanese 
letter which corresponds to N makes one syllable by 
itself and cannot form a new letter by being combined 
with a vowel of the following suffix. If the suffix 
were forced into combination, the resulting words 
would become very unnatural at the junction and 
oftentimes would be incomprehensible. These com- 
plications arise from the fact that all Japanese letters 
are vowelied sounds except that for N and that N 
makes a syllable by itself. The original rules of the 
IUPAC could be paraphrased and made into rules 
which: could be applied directly to Japanese names, 
though they would become very complicated rules. 

More complication is seen in the case of decane. 
Decane, decene, and decyl] are transliterated as Dekan, 
Desen, and Deshiru. The second letters of those 
words are Ka, Se, and Shi. Those letters do not belong 
even to the same column of the phonetic letter chart. 
Actually it is impossible to provide a common rule in 
the Japanese language to indicate a method of deriving, 


PENTENOL 


as 


RU 


-l- A-—wv 


2-PENTEN-I-OL 


BUTENYL 


2-BUTEN-I-YL 


Wig 


I- BUTENE 


BUT~I-ENE 


Ales 


Figure 7. 
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for example, decene and decyl from decane, witout 
knowing the original words. . 

The IUPAC rules provide alternatives and «rbj- 
trariness to some extent, for example, in the ordr of 
mentioning the names of substituent radicals n g 
compound or in the places for putting the Arabic 
numerals to indicate positions. 

Chemical Abstracts adopts the alphabetical ord: r of 
radical names. Transliteration of alphabetical «rder 
gives Japanese names with no order. A_ special 
order of Japanese letters exists, but IUPAC rules dv not 
allow rearrangement of radical names in this crder 
because only two alternative methods are permited, 
namely, alphabetic order or the order based on the 
degree of complexity. It would be troublesome to 
adopt the order of complexity, because then it would 
be necessary to provide a rule defining the degree of 
complexity for all possible radicals. The Japanese 
have adopted tentatively the Chemical Absiracts 
order in transliteration. 

It is sometimes difficult to find a place in a chemical 
name for putting Arabic numerals to indicate the 


COUMARIN 


CARVYLAMINE 
CARBYLAMINE 
ACETIC ACID 


COUMALIN } 


SA KU SAN 


BR 


SA KU SAN EN 


BF 


SA KU SAN NAMARI 


SA KU SAN E su 


BB + 


SA KU SAN E CHI 


ACETATE (SALT) 


Pb-ACETATE 


ACETATE (ESTER) 


ETHYL ACETATE 


Figure 8. 


position of substitution, unsaturation, functional group, 
etc. The Japanese follow the style of Chemical 
Abstracts as long as it permits a reasonable trans- 
literation. 

A numeral prefixed to an entire name causes no 

difficulty, but one inserted between letters is often 
a great annoyance (Fig. 7). 2—Penten-l-ol or 2- 
buten-1—yl can be transliterated without changing the 
places of the numerals, since each portion of the divided 
name makes sense, namely, pentent and ol or butene 
and yl. 
- On the other hand, such an example as but-!-ene 
is troublesome in transliteration. The word butene 
is divided into two parts, but and ene. The former 
part but ends with a consonant ¢. As mentioned 
before, ¢ is transliterated as To, therefore, but bec mes 
Buto. These divided and transliterated parts of a 
word do not make sense in any Japanese nimes. 
Here again, the root of the word is lost, and there are 
no means of finding Butan from Buto. The m:tter 
becomes worse in more complicated examples, su: |) a8 
bicyclo[2.2.1 ]hept-2-ene, 5a-androst-1-en-176-ol, and 
58-pregn-3-ene. 

The original forms of Arabic numerals, reek 
letters, symbols for elements, capital letters D ard L, 


* + and — signs for optical rotation, and other |i ters 
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usually printed in italics in English names are also used 
in Japanese chemical names. The difference between 
English and American conventions causes some 
confusion in Japanese nomenclature, but the American 
syste! is preferred somewhat because it gives Japanese 
name: with fewer foreign letters. 

Although some rules for transliteration have been 
proviled, many problems still remain unsolved. It is 
dificult or even useless to have foreigners understand 
them all, but a few examples may be shown (Fig. 8). 
As mentioned before, no discrimination is made between 
L and R, or V and B in transliteration. Therefore, 
some different English words will have the same trans- 
literation, such as coumalin and coumarin, or carvyl- 
amine and carbylamine. 

A problem of translation may be added. Both the 
salt and the ester of an acid are called by the same 
name in English, e.g., acetate from acetic acid. In 


Japan, most common acids have entirely translated 


names. To refer to the salt or ester of these acids, 
the full names of the free acids are used followed by 
a word meaning salt or ester. For example (Fig. 8), 
from acetic acid, Sakusan, Sakusan-en (or Sakusan 
Namari) is obtained for a salt, and Sakusan-Esuteru 
(or Sakusan Echiru, for an ester. Therefore, such a 
word as acetate cannot be translated without knowing 
whether it implies a salt or an ester. Therefore, the 
word has to be transliterated. 

In conclusion, I confess that my serious concern is 
that Japanese organic chemists do not pay proper 
attention to nomenclature. If this paper arouses 
interest in the problems of Japanese organic chemical 
nomenclature among the organic chemists of the 
United States and stimulates the attention of Japanese 
organic chemists, I should be thankful that my efforts 
are doubly appreciated. 


John W. Swinnerton' 

and Warren W. Miller 
Pennsylvania State University 
University Park 


During the course of a study of the 
radiation chemistry of aqueous ferric oxalate, it was 
necessary to know the concentrations of the individual 
chemical species that exist in a dilute sulfuric acid 
solution of Fe(III) and exalic acid or oxalate ion. 
This system is a good example of a chemical system at 
equilibrium which is described by a series of expressions 
for acid dissociation and complex formation. Although 
the individual expressions are simple, they are not 
mutually independent; hence together they give a 
family of equations whose solutions by the usual 
methods require a great deal of labor. Since the ser- 
vices of a large digital computer were available at this 
institution, it was possible to obtain comparatively 
rapid solutions to the problem. This paper is intended 
to point out the applicability of digital computers to 
chemical problems of this type and the technique by 
which they are programmed and handled by a computer. 

The subjects of these calculations were the solutions 
made up of combinations of aliquots of ferric ammonium 
sulfate, ammonium tris(oxalato)ferrate(III), oxalic acid, 
potassium oxalate, and sulfuric acid. The separate 
chemical equilibria that pertain, and their constants 
(1), are the following: 


[Fe**] [C,0.7] 
[Fe(C20,)*] 


[Fe(C,0,) *] [C:0.7] 
[Fe(C204)27] 


= 3.98 X 107” = K; 


= 1.59 X 107 = Ke 


Laber.tory, Washington 25, D. C. 


‘Present Address: Radiation Division, U. S. Naval Research 


Use of a Digital Computer for Solving 
a Complex Chemical Equilibrium 


= 10 x 10-* = K; 
te = 5.95 X 10-* = Ky 
6.40 x 104 = Ky 

= 1.60 10-* = Ky 


These six equations involve ten unknown quantities. 
The four additional equations are the material balance 
relationships which are determined by the stoichiometry 
of any particular solution: 


[Fe**] + [Fe(C,0.)*] + ] + [Fe(C,0,):"] = 


tal iron concentration = K, 


[C,0.7] + + [H,C,0,] + [Fe(C,0,)*] + 
2| Fe(C.O + 3[ mat 
total oxalate concentration = K, 


{HSO,-] + [HC,0,~] + 2[H.C,0,) + [H*] = 
total available hydrogen ion, excluding water = K; 


{HSO,-] + [SO,-] = total sulfate concentration = K, 


The omission of the activity coefficients is justified 
since all the solutions have approximately the same 
ionic strength and we are concerned with variation in 
concentrations more than in absolute values. One 
should note that the hydrolysis of ferric ion is suppressed 
either by the acidity or by complex formation so that 
the hydrolysis equilibrium may be neglected. For 
similar reasons, the ammonium ion may also be 
neglected. In addition, it is assumed that the iron 
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oxalate complexes are weaker bases than the other 
bases in the solution. 

For convenience, the following substitution of 
symbols is made: 


[Fe(C,0,)*] = 


A-J are the unknowns, K,, Ke, K3, and K, represent the 
material balance sums for a particular case; Ks, Ke, 
and K; the complex ion dissociation constants (1); and 
Ks, Ko, and Ky are the acid dissociation constants. All 
symbols stand for numbers with the dimensions moles 
per liter. The family of equations that must be solved 
is then: 


Nature of a Computer 


PENNSTAC (Penn State Computer), which was used 
for the calculations, is a digital computer similar in 
function to most large digital computers. The com- 
puter contains an input unit which can read coded 
numbers and instructions from a paper tape and store 
them in the memory. The calculations are done in 
the arithmetic and logic unit which also incorporates 
an accumulator for temporary storage of numbers on 
which operations are performed. The actual mathe- 
matical operations are limited to the very simple 
processes of addition, subtraction, multiplication, 
division, and a few combinations of these. On instruc- 
tion, all or any part of the content of the memory may 
be read out either onto a paper tape or through an 
electric typewriter as coded numbers. 

In order to solve a problem on a computer several 
preliminary steps must be completed (2). First the 
problem is subjected to numerical analysis in order to 
express it in a form which will yield the answers after a 
step-by-step sequence of arithmetical operations. It 
is then programmed by writing down the complete 
sequence of steps to be taken. Following this it is 
coded by writing each number and instruction for the 
sequence in the form the machine can accept. 

The coding system used by PENNSTAC is a two- 
address code, and instructions are normally executed 
serially. The instruction word is made up of ten digits. 
The first two digits are the operation code and these are 
followed by two four-digit addresses (memory loca- 
tions). 

The code has the symbolic form 


Le | A | 


@ = operation code, two digits 
A B = address, four digits each 
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Table 1 lists several operation codes and their descrip. 
tion. Q and Q’ refer to numbers in the accumulator 
after the operation has been performed. This number 
is retained for additional operations or may be seit to 
the memory. If address zero is specified in the instruc. 
tion word, the operation is performed on the number ip 
the accumulator. 


FOO 


Move or store 
Read in 
(To memory) 


,Q 
Read in from paper tape and 
then take next instruction 
from 
Read out A words from con- 
secutive locations starting 
at B 


Read out 
(Of memory) 


Stop 


In a similar manner the numerical data on which the 
computer shall operate must be presented in a coded 
form. For a problem such as the present one, in which 
the data and the results cover a range of magnitudes 
greater than the number of decimal places available in 
a number word, a floating decimal is used. Numbers 
are expressed in the familiar exponential form. The 
first digit of the code is used as the sign digit, the next 
two digits hold the exponent, and the final eight digits 
hold the numerical part, i.e., the nwmber words, or data, 
have the symbolic form 


| x 4’ | 


where 1 < A’ < 10, and the actual value of the number 
A = A’ X 10*-*®. The number 50 is introduced 
into the code for the exponent in order to have a positive 
number represent a negative exponent. For example, 
suppose we have assigned the equilibrium constant Ks 
at address 26 in the memory. We would represent the 
data as follows: 


Address Sign Exponent Number— Notation 
00:%6 + 43 1590 0000 Ke 


Ke = +1.590 X 107 ie. +4315900000 


Example: Evaluate 


and store the result in address 150. Assume the :.um- 


ber words A, B, . . . are stored beginning at addres~ 100 
and that instruction words are stored sequential y at 
address 300. The first instruction word will te!’ the 
computer to add the two numbers in addresses 101: and 
101. The program for this problem can be sec 
Table 2: 


0: 
A [HSO,-] = F 
[Fe(C,0,)27] = B [H+] =G 
: = C [HC,0,-] = H 03 
[Fe*?] = D {H:C.0,] = I 0° 
= E = J 0: 
Table 1 4 
code Operation Description Nu 
50. Add +B—>Q 
: 51 Subtract —-B-Q typ 
53 Divide +B-Q 
56 Addiply +AxXB+Q’ Al 
57 Subtiply —-AXB—Q init 
A+B+C+D=K, (1) 64 Compare A < |Q|, take next instruc- | 
E+ F = K, (2) tion from B. 
A+2B+3C+H+I1+J=K, (4) 73 sub 

BJ = CK; (5) 
AJ = (6) of 
i DJ = AK, (7) 74 the 

GH = IK, (9) 
GJ = (10) ma 
75 sim 
equ 
| to; 
~ a sok 
sin 
be 
; ing 
red 

0: 
fol 
ca 
du 
qu 
4: let 
W 
4 4 ar 
tir 
| 


itor 
ber 


ruc- 


Address 0 A B Notation— 
0300 52 0100 0101 AXB—+Q, Q=AB 
0301 50 00007 0102 Q+C—-Q:, Q: = AB+C 
0302 53 0000 0103 Q:1/D—~Q:, Q =(AB+C)/D 
0303 52 0000 0000 Q;, {((AB + C)/ 


0304 ©0000 0150 — 150. 
0305 =75 0305 0000 OP 


~e )000 is the address of the accumulator. 


Numerical Analysis and Programming 


There are many ways to approach a problem of this 
type. In this case a successive approximation process 
was used which requires an initial guess for the answer. 
A logical approach would be to reduce the number of 
initial guesses required as the answers will vary by 
several orders of magnitude. As the problem stands 
now, 10 such guesses would be required. By simple 
substitution the number of equations and the number 
of unknowns may be reduced while at the same time 
the remaining equations are made more complex. This 
reduces the number of initial guesses that must be 
made. We chose to reduce the equations (1-10) by 
simple substitution until elimination of any more un- 
knowns become awkward. By this method the ten 
equations were reduced in a straightforward manner 
to 3 equations and 3 unknowns. 

Solving the 3 equations has an advantage over 
solving one equation because the programming is 
simpler. After the 3 answers are evaluated, they can 
be used in equations (1-10) to solve for all the remain- 
ing answers. Equations 11, 12, and 13 result from the 
reduction. 


0 = — K3K, + G(—K; + K2 + Ks + G) + 
H [xe +a(1 + (11) 


0=-—-K,H*G+B + H°G +i He + “zis 
(12) 


ob [Fn + + GH (—K, + 2B + H) + 
H? [ Kw + (13) 


Algebraic formulas exist for the solutions of the 
general quadratic, cubic, and quartic equations. These 
formulas are often too laborious to apply to specific 
cases. A well-known successive approximation proce- 
dure for solving a set of equations such as these and 
quite suitable for programming on a digital computer 
is the Newton-Rapheson method (3). As an example, 
let us consider 2 equations and 2 unknowns. 


f(z,y) = 90 (14) 
g(x,y) =0 (15) 
Let (xo, yo) be initial approximate value of the roots. 
We are then interested in finding a correction on 2 


and ¥o which we will designate at Ax and Ay respec- 
tively. The true roots are: 


Az (16) 
y = Yo + Ay (17) 

We then have: 
f(z + Az; yo + dy) = 0 (18) 


ax + Az; yo + Ay) = 0 (19) 


These equations may then be expanded by Taylor’s 
theorem. 


f(zo + Ax, yo + Ay) = 


Of | 


af 


go + Az, yo + Ay) = 


A 2 
Oy! 20.y0 ( 1) 


Ignoring all terms of order higher than the first, we are 
left with a system of 2 linear equation in two unknowns, 
namely, Az and Ay. 


Ar + Ay = —f(x0,yo) 
og 4 29 


= =— . 
zo.¥0 OY! zo 


After solving the above seg Ax and Ay, the process is 
repeated : 
= % + Ax (22) 
yi = Zo + Ay (23) 
We similarly evaluate the new functions and their 
partial derivatives at (x, y,). This repetition is carried 
to the desired degree of accuracy. The Newton- 


Rapheson method can be expanded to handle any 
number of equations. 


H* 

HC,0, ~ 

420,0, 
Fe(C,0,)* 
Fe(C,0,), 
Fe (C,0,), 


T 


> 


T 


CONC. OF CHEMICAL SPECIES (MOLES /LITER) 


1074 


7a 


107? 10° 
N. H,S0, 


Figure 1. Effect of sulfuric acid concentration on the distribution of 
chemical species in 0.01 M ammonium tris-(oxalato)ferrate(il). 


Volume 36, Number 10, October 1959 / 487 


to 
r in 
af 
and ; 
tion 
ting 
the 
led 
ich 
des 
in 
eT'S 
“he 
ext : 
rits - 
ta, 
ber f 
= 
ive 
dle, 
Ke 
the 
00 
at 
the 
nd 
in 
4 


Fe(C,0,)* 
Fe(C,0,), 


Fe(C,0,), 


CONC. OF CHEMICAL SPECIES (MOLES/LITER) 


107-2 to~ 
dete OF FERRIC ION (MOLES /LITER) 


Figure 2. Concentration of the various species in 0.03 M potassium oxalate- 
0.1 N sulfuric acid an addition of ferric ammonium sulfate. 


The procedure to be followed to put the present 
problem in a form for programming is now apparent. 
From our equations 11, 12, and 13 we obtain the 9 
partial derivatives, 3 equations relating the delta 
values of the variables to the functions and their partial 
derivatives evaluated at the estimated values of the 
roots, and the 3 equations correcting the approximate 
root by the delta value. 

The program of the problem then must instruct the 
computer to carry out the following with the 13 num- 
bers: to be fed in (6 values of the physical constants 
Ks to Kyo, 4 values of the material balance, K, to Ka, 
and 3 initial estimates of the roots Ho, Go, and Bo): 


(1) Evaluate equations 11, 12, and 13 when H = Ho, G = Go, 
B = By. 
(2) Evaluate the nine partial derivatives for. the same values. 
(3) Use the 12 numbers from steps 1 and 2, which are coeffi- 
cients in the equations relating AB, AG, and AH, to solve 
for these corrections. 
(4) Add AB to Ba, etc., to obtain new estimates of the roots B,, 
Gi, and 
(5) Obtain AB/B,, AG/Gi, and AH/H;, and if 
(a) any one is greater than 10~, start again at step 1 with 
H= etc. 
(b) no one is greater than 10~*, take these values of B, 
G, and H and solve for the remainder of the roots 
of equations 1-10 in the following order: 
. from G, H, and (9) obtain I 
. from G, H, and (10) obtain J 
. from G, H, I, and (3) obtain F 
. from F and (2) obtain E 
. from B, J, and (5) obtain C 
. from B, J, and (6) obtain A 
. from A, J, and (7) obtain D 
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(c) print out the values of A-J 
(d) 


The complete program represented 250 steps. A 
portion of it as an example is presented in the followinz: 
If we let F(H,B,G) represent equation (12), then t ie 
oF 
OB |p», 
estimated values of the variables. Equation (24) 
shown below results when OF /OB is derived. 
oF 


Ot 


is one of the partial derivatives evaluated at 


HG? + H? (24) 


The programming of ‘nis equation (24) is shown in 
Table 3 in the form actually used. This part of the 
program starts at address 314. Previous addres-es 
were used to solve equations 11, 12, and 13, and com- 
binations of constants that are repeatedly used. 


Table 3 


Notation 


i stored in 78 
Q» stored in 79 


Kiks 
Kw? 
Kiks 
Ku? 
KiKs 
Ki? 
G+ + HG + 

10 

Kw ys 

stored in 7 


G+ HG 
Ke HG + H? 
+e HG? + 


65 0000 


The entities at addresses 203, 201, and 202 are terms 
which were solved earlier and stored. They are 
respectively K7Ke/K.o®, Ke/Kio, and Kio/Ks. Let us 
examine step 319 more closely. In words, we have 
accomplished the following: Take the number at 
address 318 [(K:Ke/K.?) G] and perform an addiply, 
that is, multiply the number at address 201 (Ke/Kw) 
by the number at address 38 (H) and then add this 
product to G. 


Solving the Problem 


In the above manner the entire problem is pro- 
grammed and “read in.” This includes all instructions 
and numerical data K; — Kye. In order to obtain an- 
swers, we need only to supply 7 additional numerical 
values. Take as an example problem a 0.01 M solution 
of (C204)3-0.001 N in Four of the 
necessary values (K, to K,) can be immediately wriiten 
down: 

K, = Fer = 0.01 M, in code, 4810000000 

K, = (C.0,4)r = 0.03 M, in code, 4830000000 

Kz = (SO,)r = 0.0005 M, in code, 4650000000 

K; = (H)r = 0.001 N, in code, 4710000000 
(where 7' refers to total amount) 


The 3 remaining entities are the initial guesse- for 
[H+](Go), and [Fe(C:0.)2~] (Bo). 


: pe: 
pe! 
for 
prc 
\o-? fer 
\ tra 
Tes 
ant 
| 
Address 6 a B 
314 52 0038 0038 H? 
315 65 0000 0078 
316 52 0000 0038 
317 65 0000 0079 ; 
318 52 0203 0037 G 
Ke 
| 3195602010088 + tub 
320 52 0000 0037 unc 
ord 
321 50 0000 0078 mo: 
322 52 0000 0037 
con 
tub 
324 860007 exe 
&g the 
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seal 
toe 
des 
nec 
The 
leng 
seal 
4 suit 
cap 
tots 
ii: ting 
forr 
is 
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be | 
leng 
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any 
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‘hese 7 coded values are then “read in” and the 
computer is instructed to start the calculations. De- 
pe ding on the number of iterations the machine 
perorms (this in turn depends on the values assigned 
for the initial guess) the time required to solve the 
roblem varied from 1-10 min. Several tris-(oxalato)- 
ferrate(III) solutions in varying sulfuric acid concen- 
tra‘ions were analyzed on the computer, and the 
res its are presented graphically in Figures 1 and 2. 
(nee a problem of this kind has been programmed 
and coded it may be used to solve for the concentra- 


tions of ions in other equilibria of the same type. This 
one has been used for the ferric oxalate-oxalic acid- 
perchloric acid system by simply assigning the value 
1000 to Ks, representing complete dissociation of the 
acid. 


Literature Cited 
(1) Lamsuina, J., Boll. soc. chim., France, 16, 495 (1949). 


(2) McCracken, D. D., “Digital Computer Programming,”’ 
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Paul Z. Anthony 
Baxter Laboratories, Inc. 
Morton Grove, Illinois 


The conventional Carius combustion 
tube, used for performing small scale organic reactions 
under pressure in the laboratory, has been modified in 
order to make it more adaptable for routine use. For 
most laboratory workers it is difficult to produce a 
proper heat seal of the Carius tube; tubes often burst 
below rated pressure because of residual strains in the 
glass seal. Gordon! described an improved type of 
combustion tube made by sealing a smaller diameter 
tube on the heavy-walled tube; in this way all the seals 
except the small final seal can be oven-annealed at the 
factory. The disadvantages of the latter tube are: (1) 
the greater difficulty in filling, especially if any solids are 
involved, and (2) the still present problem of properly 
sealing the smaller opening. 

The modification described in this paper contributes 
to easier operation and greater economy over previously 
described equipment. No glass blowing experience is 
necessary and the same tube can be used repeatedly. 
The assembled combustion tube consists of an 18-in. 
length of flanged Pyrex pipe? of '/2-in. i.d. permanently 
sealed at one end and capped at the other end with a 
suitable gasket, aluminum disc, and aluminum screw 
cap’ as shown in the accompanying illustration. The 
total volume of the pressure tube is 53 ml, thus permit- 
ting reactions of a total volume of about 35 ml to be per- 
formed. A Teflon gasket can be conveniently made and 
is suitable for most types of reactions. Other gasket 
materials may be employed. The pressure vessel can 
be heated, if desired, by placing it in an appropriate 
length of 2-in. steel pipe sealed at both ends by steel 
screw caps and placing the complete unit in an oven at 
any desired temperature. 

Because of its construction the modified pressure tube 


._ C. L., J. Research Natl. Bur. Standards, 30, 107 


(1 
* Manufactured by Fischer and Porter Company, Hatboro, 
ylvania. 
* Screw cap assembly available from Fischer and Porter Com- 
pany as standard equipment. 


A Simplified Apparatus for 
Pressure Reactions 


is a substantial improvement over the conventional 
type. It affords a superior type of seal with greater 
strength at the point of closure than at any other part of 
the tube. This is in direct contrast to the ordinary type 
of Carius combustion tube which is weakest at its seal 
point. According to Gordon! the conventional Carius 
combustion tube will stand pressures up to 1500 lb per 
sq in. at temperatures up to 300° whereas his modified 
tube will stand pressures of more than 2500 lb per sq in. 
The reusable pressure tube described in this article can 
be expected to be as resistant to reaction pressures as 
Gordon’s tube. 

Reactions which have been run successfully in this ap- 
paratus are the following: (1) Inversion of sucrose at 
149°C in dilute HCl. (2) Preparation of 5-hydroxy- 
methylfurfural from sucrose and oxalic acid at 162°C in 
aqueous solution. (3) Preparation of diethyl aspartate 
and 2,5-diketopiperazinediacetamide from diethyl 
maleate and alcoholic ammonia at 105°C. 

These are only a few examples of the flexibility of this 
reactor for conveniently carrying out small-scale pres- 
sure reactions. If a larger volume is desired, a tube of 
longer length and/or larger diameter can be used. 

Tubes made of Pyroceram, a new Corning glass prod- 
uct reportedly harder than steel and light as aluminum, 
should extend the scope of this technique. Larger 
scale pressure reactions will be possible because of the 
greater wall strength of this material. 


Modified Carius combustion tube. (1) Alumivum disc, (2) asbestos gasket, 


(3) Teflon gasket, (4) aluminum screw cap, (5) aluminum ring, (6) flanged 


1/e-in. id Pyrex pipe. 
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John H. Wolfenden 
Dartmouth College 
Hanover, New Hampshire 


The conventional laboratory course in 
physical chemistry includes and may even consist 
exclusively of a sequence of carefully documented 
experiments. Unless the documentation is rather 
detailed, the experiment is likely to be very time- 
consuming or to lead to results regrettably divergent 
from theoretical expectation. There is little room for 
Cortez or wild surmise in such a sequence and accord- 
ingly the interspersion of an occasional experimental 
“problem”’ or “practical examination” can be a welcome 
challenge to the student. My own practice is to give 
two or three such examinations in the course of two 
terms of physical chemistry. Every student works 
independently during the examination and is expected 
to present a written report on his work at the end of 
three or four hours. 

A description follows of two of the experimental 
problems that I have used for such examinations. The 
first of these, on the ammonia silver complex, was a part 
of the Oxford University final A.B. examination in 1924; 
the second, a reconstruction of the classical work of 
Nernst on the solubility product, is (like the first) in- 
cluded in somewhat different form in “Problems of 
Practical Physical Chemistry” by the late F. A. Phil- 
brick (J. M. Dent, London, 1931) a useful little book 
now unfortunately out of print. 


The Establishment of the Formula of a Complex lon 


The instructions given to each student are as follows: 


Add to 20 ml of M/100 silver nitrate solution 10, 20, and 30 
ml of 2 M ammonia solution. Make up each solution up to 100 
ml with distilled water and then find what volume of M/100 KBr 
solution is necessary to produce a permanent cloud of silver bro- 
mide. 

Basing your procedure on the results obtained, carry out a 
second series of experiments, arranging the volumes of each liquid 
taken so that the total volume of solution (including the added 
KBr solution) is always approximately 100 ml. This second 
series should cover at least a threefold range of ammonia con- 
centration. For the second series, plot the log of the volume of 
KBr solution required against the log of the volume of ammonia 
solution used. 

From your results deduce the probable formula of the complex 
cation formed by silver and ammonia. Note that 

Ammonia solution can be treated simply as a solution of NH; 
in water; 

It may be assumed that in the presence of any appreciable 
excess of ammonia the concentration of free silver ions will 
be small compared with that of the ammoniated silver 
complexion; 

For any solution containing silver ions and ammonia 


_ 
[Ag(NHa)a *] 


and at the point where the precipitate just forms 
[Ag*][Br-] = Kz 
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Ki 


Two Student Experiments on 
Chemical Equilibrium 


The volumes of solution required by each student «re 
on a generous basis as follows: 


0.01 M 150 ml 


r 150 ml 
150 ml 


0.01 M 
2M NH; 


The success of the experiment is quite insensitive to 
deviations of the solutions from their nominal concen- 
trations, although students should be warned against 
leaving ammonia solutions unstoppered. A_buret, 
10-ml pipet, 50-ml graduate, and a couple of Erlen- 
meyer flasks are the only equipment needed. It is my 
custom with this experiment to allow two and a half 
hours for experimental work and to ask for a written 
report on the experiment at the end of three hours; 
this allowance of time is entirely adequate for the aver- 
age student. 

A student of unusual aptitude, after completing the 
experiment described above, can be invited to try 
similar experiments with ammonium thiocyanate in- 
stead of potassium bromide and to infer from them the 
ratio of the solubility products of silver bromide and 
silver thiocyanate. This, unlike the main experiment, 
is rather difficult as the precipitation point with thio- 
cyanate is notably less sharp than with bromide. Even 
with potassium bromide as precipitating agent the 
room for difference of opinion as to what is a ‘“‘perma- 
nent cloud” usually causes unnecessary preliminary 
distress among those who are reluctant to reflect on the 
purpose of the measurements and who prefer sure-fire 
culinary instructions. 

This experiment using simple solutions and apparatus 
is successful in the hands of the great majority of 
students. Some may need assistance in the interpre- 
tation of their experimental results (and are down- 
graded accordingly) but it is quite rare to get results 
which, appropriately analyzed, do not lead to the cor- 
rect formula for the complex ion. 


Eprror’s Note: Our usual policy is to ask authors of papers de- 
scribing experiments to include sample calculations or ty} ical 
student results. 

Since we know that students do read the JouRNAL OF CHEM!’AL 
Epvcation, and we hope that professors will constantly encouage 
them to do so, both the author and the editor agree that )ub- 
lishing typical results would spoil the effectiveness of the present 
article. Such information is available to those who will com- 
municate directly with the author. 

It is one of the joys of the editor’s life to be able to pu! lish 
articles which stimulate ingenuity. We hope that those \ho 
adopt the procedures here suggested will devise similar ex} Tl- 
ments and share them with others through the pages of "!IS 
JOURNAL. 
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The Solubility Product of Silver Acetate 


This experiment; which involves a good deal more 
work in the preparation of solutions beforehand, is 
more exacting and more discriminating than the one 
just described. It requires about fifteen minutes of 
laboratory work on one day, followed (not less than 24 
hours later) by a main laboratory period of two and a 
half to three hours. 

The instructions given to each student are as follows: 


The principle of the solubility product was put forward by 
Nernst in a paper two years after the first enunciation of the 
theory of electrolytic dissociation by Arrhenius. Seldom has a 
principle of such extended usefulness been put forward on the 
basis of more limited experimental evidence; it is also probably 
fair to say that few principles of a quantitative character have 
been accepted on the basis of such a sketchy accord with theoreti- 
cal predictions. 

The experiment to be carried out is essentially a reconstruction 
of the experiments carried out by Nernst in 1889, (Zeit. phys. 
Chem. 4, p. 372, 1889). 

You are provided with the following solutions: 

A saturated solution of silver acetate in water 

A saturated solution of silver acetate in 0.2 M potassium 
nitrate 

1.10 M silver nitrate solution 

1.10 M sodium acetate solution 

5% potassium chromate solution 

0.0500 M potassium chloride solution 


(a) To 100 ml of saturated silver acetate solution in water 
(which need not be free from suspended solid and can be meas- 
ured with a graduated cylinder) contained in a 250 ml Erlenmeyer 
flask add 10 ml of the silver nitrate solution and cork the flask. 


(b) Treat a similar volume of saturated silver acetate solution 
with 10 ml of the sodium acetate solution in the same way. 


(c) Leave both solutions to stand overnight in a cupboard, 
giving them an occasional swirl to mix up the contents without 
allowing the solution to come into contact with the cork. 


(d) On the following day (or later), pipet 25 ml of the potassium 
chloride solution into a 125-ml Erlenmeyer and add about 1 mi 
of potassium chromate solution. Titrate this solution with the 
filtered saturated solution of silver acetate by ‘‘Mohr’s method;’’ 
the end-point is marked by the appearance of enough silver chro- 
mate to change the bright pale lemon color of the mixture to 
rather dirty yellow. This precipitation titration should be car- 
ried out at least twice to enable you to formulate your own con- 
vention as to the end-point. The dodge of holding back about 
5% of the solution to be titrated until the end-point has been 
reached with the main batch will eliminate wastage of time in 
creeping up on the end-point of this and all other titrations in 
the experiment. 


(e) Ina similar way titrate 50 ml of potassium chloride (plus 
about 2 ml of potassium chromate solution) with the filtered solu- 
tion of silver acetate containing silver nitrate. A duplicate titra- 
tion of this is not necessary unless you feel uncertain about the 
first end-point. 


_(f) Ina similar way titrate 25 ml of potassium chloride solu- 
tion (plus about 1 ml of potassium chromate solution) with the 
filtered solution of silver acetate containing sodium acetate. 


(g) From the results of (d) calculate the concentration (in 
gram-ions per liter) of silver in the saturated solution of silver 
_ in water and hence the solubility product of silver ace- 

te. 


_ (h) From the result of (e) calculate the concentration of silver 
ion in the saturated solution of silver acetate containing 0.10 M 
silver nitrate. The concentration of acetate ion present in the 
solution is obtained by deducting 0.10 from the result obtained. 
Hence calculate the solubility product for this solution. 


_ (i) From the results of (f) calculate the concentration of silver 
ton in the saturated solution of silver acetate containing 0.10 M 
sodium acetate. The concentration of acetate ion present in the 
solution is obtained by adding 0.10 to the results obtained. 
Hence calculate the solubility product for this solution. 


(j) Draw up a table for the results of your calculations in the 
following form: 


| [Ag*] | (Cl-] 


Silver acetate alone 

Silver acetate and 
silver nitrate 

Silver acetate and 
sodium acetate 


[Ag*] x [Cl-] 


(k) Examine the constancy (or inconstancy) of the three 
values of the solubility product and reconsider the matter after 
titrating 25 ml of the potassium chloride (plus about 1 ml of potas- 
sium chromate solution) with a filtered saturated solution of silver 
acetate in water containing 0.2 M potassium nitrate solution. 
The silver ion concentration of this solution and the solubility 
product derived from it should be added to the table constructed 
under (j). 


Notes 


A graduate cylinder, used carefully, is sufficiently accurate for 
measuring the 100 ml portions in (a) and (b); all other measure- 
ments should be made with pipets; the volume of potassium 
chromate solution need not be measured to closer than 10%. 

Less than 50 ml of filtered solutions will be required in the ti- 
trations of (d), (e), (f), and (k) so there is no need to filter more 
than this volume from the turbid solutions concerned. 


Each student needs 150 ml of 0.0500 M potassium 
chloride solution, 300 ml of saturated silver acetate 
solution, 50 ml of 0.2 M potassium nitrate solution 
saturated with silver acetate, 20 ml of each of 1.10 M 
silver nitrate and 1.10 M sodium acetate, and 10 ml of 
5% potassium chromate solution. In the interests of 
economy the volume of silver acetate solution needed 
can be halved by carrying out experiments (a) and (b) 
on half the scale prescribed, although this is cutting it 
a little fine; the cost of silver salts on the scale recom- 
mended is around 35 cents per student. 

In preparing the solutions required for the experi- 
ment it should be noted that only the solutions of 0.05 
potassium chloride and of 1.10 M silver nitrate call for 
accurate weighing in their preparation. With regard 
to the saturated solutions of silver acetate in pure 
water and in 0.2 M potassium nitrate respectively, it 
should be noted that the saturation equilibrium is 
established rather slowly (from the un-saturated side) 
so that it is wise to make up these solutions at least 
three days before the experiment is to be carried out. 
This is particularly desirable if in the interests of econ- 
nomy it is planned to use a limited excess of the rela- 
tively expensive solid phase. 

Four liters of the saturated solution of silver acetate 
in water are conveniently prepared by dissolving separ- 
ately 72 grams of silver nitrate and 60 grams of sodium 
acetate trihydrate in two 125-ml portions of distilled 
water. The two solutions are mixed and the precipi- 
tated silver acetate is separated on a Buchner funnel. 
The precipitate is washed with about half a dozen 
portions of distilled water, totalling 300-400 ml. The 
washed precipitate is then transferred to a four-liter 
container (preferably of dark glass) which is then filled 
with 4 liters of hot distilled water. This storage vessel 
should be shaken (and warmed, if possible) from time to 
time during the next three or four days. In preparing 
on a smaller scale the corresponding saturated solution 
in 0.2 M potassium nitrate, the distilled water is re- 
placed by potassium nitrate solution. For obvious 
reasons, the solutions in which solubility equilibrium is 
being established should be protected from violent 
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temperature fluctuations. 


size) may cause anomalous results. 


Whereas the experimental results of the silver am- 
monia complex experiment may startle some students 
by their conformity with theoretical expectation, 
exactly the opposite situation prevails in the case of the 
solubility of silver acetate. The student will find that 


the solubility product (expressed in concentration units) 
is not constant and that its deviations from constancy 
are outside any expected experimental error. The 
average student is likely to find this distressing and, 
although it would be unfortunate to do this at the 
outset, he may then be shown a copy of Nernst’s own 
experimental results after he has completed part (j). 
Experiment (k) then allows the better students an 
opportunity to surmise the reason for the inconstancy 
of the solubility product and to acquire a deeper under- 


A laboratory cupboard is 
adequate for this purpose; the thermal history of all 
the solutions should be similar. Although adequate 
time (3-4 days) is needed to establish equilibrium in the 
original saturated solutions in water and in 0.2 M 
potassium nitrate, it is not desirable to prepare such 
solutions months beforehand as progressive change in 
concentration (presumably due to growth of crystal 


standing of the situation than Nernst himself had at the 
time of his original paper.! 

Of the two experiments described the first is easie» to 
set up, is less demanding in the way of chemicals and 
apparatus, and is less rugged on the student. Both 
were carried out effectively by the participants in a 
Summer Institute for high school teachers organize: at 
Princeton University in 1958 by Professor Clark 
Bricker with the support of the Dreyfus Foundation, 
Many other experimental problems can be devised and 
some would doubtless be more effective than those 
described here. The essential purpose of this paper is 
to urge the value and stimulus of putting the student, 
working alone, in a moderately unfamiliar experimeital 
situation with no more guidance and instruction than 
may be needed to give him a sporting chance of solving 
the problem presented to him. The student will have 
to think harder than in carrying out experiments with 
rather elaborate instructions; the heartening fact is 
that he often seems to enjoy the more adventurous 
situation. 


1 Such students might well be interested by Ramerte, R. W., 
J.Cuem. Epuc., 36, 191 (1959), and Daviss, P. B., and Monk, 
C. B., J. Chem. Soc., 1951, 2718. 


W. T. Smith and J. H. Wood 
University of Tennessee 
Knoxville 


The need for including nuclear chem- 
istry experiments in the first year course, especially for 
the nonscience major, is well recognized, and several 
good experiments have been described in the chemical 
literature. Among these, the measurement of the 
half life of an unstable isotope has received considerable 
attention.'_ This paper is togdescribe’ our experiences 
over the past two years with|the measurement of the 
half life of bismuth-210 by large numbers of first year 
students. The choice of this msotape" is predicated 
upon several favorable factors. 

(1) The bismuth is continually supplied from cheap 
radiolead (*;°Pb, t:,, = 22 years) obtained from ura- 
nium minerals so that once a supply is obtained, it 
lasts for several years. Further, after the solutions 
have been prepared for the first time and the apparatus 
accumulated, little additional work is required on the 
part of the storeroom personnel to ready the exercise 
for the next quarter’s or the next year’s classes. 

(2) The half life is short (5.0 days) so that the rapid 


1 Brown, A., AND Rocuow, E. G., J. Epuc., 
28, 521 (1951); Dittarp, Ciypg R., anp Morton, Lynwoop, 
J. Cue. Epuc., 35, 238 (1958). 

? We are indebted to Dr. G. K. Schweitzer of the University of 
Tennessee for recommending this isotope. 
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A Half-Life Experiment for 
General Chemistry Students 


fall in activity permits the use of cheap rate-meters, 
yet it is not so short as to require undue haste in han- 
dling; moreover, since each student counts his sample 
only once during a laboratory period for three succes- 
sive laboratory meetings, the number of counters 
needed to serve a given number of students is at a 
minimum. We find one counter is adequate for a 
section of 40 students. 

(3) The stock solutions are not hot enough to re- 
quire shielding, yet the 1.17-Mev beta radiation is 
sufficiently energetic to require no special coun ting 
techniques. The daughter isotope, *:*Po, is relatively 
long-lived and emits alpha radiation which is stopped 
by a scotch tape, the granddaughter is stable lead-206. 
Consequently, only the beta radiation emanating ‘rom 
bismuth-210 is counted. 

(4) The fact that the starting material and the 
decay products represent a segment of the well-known 
uranium-238 series of radioactive elements adds in- 
terest to the work and serves to better correlate the 
laboratory work with lecture work. 


The Experiment 


The student removes a 10-ml sample of radiobismuth 
chloride from the stock solution and uses this samp!e to 
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plate out on a '/4 X */2-in. piece of nickel-foil enough 
bismuth to give the desired initial count, about 1200 
counts per minute. Since bismuth is below nickel in 
activity, the plating occurs spontaneously: 

3Ni + 2BiCl; 3NiCl. + 2Bi 


The parent isotope, lead-210, does not plate on the 
nicke! foil. About 25 minutes at room temperature or 
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Figure 1. Typical student graph. 


3 minutes at 100°C are required for the plating. The 
solution is then returned to the stock bottle. 

The nickel foil with the radiobismuth is now fastened 
to a copper planchet by means of scotch tape. The 
sample is then counted by the student at each succes- 
sive laboratory meeting for a period of 14 days. These 
data are plotted on semi-log graph paper and the half 
life is read from the graph. 

Figure 1 shows a typical student graph. Table 1 
shows the results obtained by 849 students during the 
spring of 1959. These are average students from the 
colleges of home economics, engineering, agriculture, 
business administration, education, law, and liberal 
arts (we do not permit our B.S. in chemistry majors to 
do this experiment since they will do similar ones later 
on at a more advanced level). The students were 
mainly under the supervision of teaching assistants, 
of whom only about two-thirds had had previous ex- 
perience with nuclear chemistry experiments. Also, 
the staff was unaware of our intentions to collect the 
results. 

Excluding the cost of the counter, we estimate that 
the experiment is costing from 2—4¢ per student. This 
low cost is due to the fact that the radioactive material, 
copper planchet, and nickel foil are reusable for several 
years. The cost of the counters is hard to estimate for 
we do not know how long they will last. Our three 
counters have survived two years of use (a total of 144 
working hours for each) without a breakdown. Since 


Table 1. Observed Half-Life’ of *:$Bi 
No. of 
students Half-life range 
2 3.5 days or less 
67 3.6-4.5 days 
363 4.6-5.5 days 
287 5.6-6.5 days 
130 6.6 days or longer 
* Accepted half-life—5.0 days. 


about 2000 students have now done this experiment, 
the counter cost per student to date is 30 cents. 

The radiolead nitrate is added with stirring to 0.5 
N HCl (one-fourth pound to 4 liters).* Most of the 
lead accumulates in the bottom of the bottle as PbCls. 
In our laboratories we place the supernatant liquid at 
convenient locations along with a 10-ml syringe pipet 
standing in a large graduated cylinder (to collect 
drainage). Each student removes his 10-ml sample 
and places it in a small beaker. After the plating has 
been accomplished, he returns the solution to the 
original stock bottle. These “spent’’ solutions are 
collected and returned to the bottle containing the 
PbCl,. Since *}$Pb disintegrates to form *{°Bi, the 
concentration of the bismuth will increase until “equi- 
librium” is again reestablished in the stock solution, a 
process which requires a few weeks. Hence, the stock 
solutions may be used several years if the radiolead is 
carefully husbanded. Since the BiCl; tends to become 
entrapped in PbCl, crystals where it forms, we have 
found it desirable to warm the stock mixture until the 
solid phase is dissolved and then cool to reprecipitate 
the PbCl.. This is done the day before the supernatant 
liquid is to be removed for dispensing. 

Several commercial makes of cheaper rate meters are 


Figure 2. Counting chamber. 


satisfactory for the counting. (We use Model 1613A 
Classmaster, Nuclear-Chicago.) Since these instru- 
ments usually are not equipped with counting chambers, 
it is necessary to construct a chamber such as the one 
seen in Figure 2. The Geiger tube is securely strapped to 
the frame so that it will not be moved with respect to 
the counting slots during the 2-wk counting period. 
The frame is constructed of wood, plastic, or metal. 
Also, the frame is built so that the sliding tray contain- 
ing the sample may be placed very close to the Geiger 
tube. One or two of the metal guards protecting the 
Geiger tube are clipped out so that only air will be be- 
tween the sample and the tube. This reduces the 
amount of bismuth that must be present to give a 
desired count. The sliding tray has a 1-in. circular 
depression in the center for positioning the copper 
planchet immediately underneath the window. The 
student, of course, must mark the planchet so that he 
can orient his sample with respect to the window in the 
same manner for each reading. 


3 Canadian Radium and Uranium Corp., 630 Fifth Avenue, 
New York. Minimum purchase, one-fourth pound ($12.50). 
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Enno Wolthuis, Roger Brummel, 
and Paul Vanden Bout 

Calvin College 

Grand Rapids, Michigan 


Raat manuals for the general 
chemistry course generally neglect a study of the prop- 
erties of liquids. Most textbooks include vapor pres- 
sure—temperature curves for a few liquids. However, 
determination of such curves seldom is assigned to stu- 
dents, presumably because more than ordinary equip- 
ment is required to achieve accurate results. We are 
suggesting a method for obtaining good vapor pressure- 
temperature curves with equipment available in any 
general college chemistry laboratory. 

For some years we have demonstrated the determina- 
tion of a vapor pressure-temperature curve by any of a 
variety of simple methods (1-5). In our experience 
good results are not usually obtained by these proce- 
dures. Methods involving more elaborate equipment 
were also investigated (6-10). However, these make 
use of materials not generally available to students in 
general college chemistry. 

The method of Devor looked attractive for a student 
experiment but requires a special type manometer not 
usually available. However, we did try this method 
but modified it by attaching the side arm of a suction 
flask directly to one end of a manometer after filling the 
flask with the liquid vapor and recording the pressures 
as the liquid cooled. After several trials this method 


Figure 1. 


was abandoned because too much time was required for 
the attainment of equilibrium between the liquid and its 
vapor, particularly at low pressures and temperatures. 

A reflux method was also tried. For this purpose a 
two-neck flask containing the liquid was fitted with a 
thermometer and a condenser connected at its top to a 
manometer and an aspirator. This method was found 
to have the disadvantage that the reflux condenser 


This paper reports another in a series of quantitative laboratory 
experiments for the general chemistry course developed originally 
as freshman research projects (see J. Cuem. Epuc., 34, 133 
(1957); 35, 412 (1958). Work here reported was performed 
by Mr. Brummel and Mr. Vanden Bout during their freshman 
year at Calvin College. 
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Determination of Vapor Pressure 


A general chemistry laboratory experiment 


flooded when the liquid boiled. As a consequence, the 
pressure and temperature fluctuated too much. 

The final choice was to use a simple distillation tech- 
nique. Although it may seem that a simple distillation 
under a variety of pressures should present no problems, 
it was found that a good vapor pressure-temperature 
curve is obtained only under certain carefully controlled 
conditions. Bumping was a problem in the lower pres- 
sure range, even when boiling stones were added. By 
far the best preventive is the old technique of using a 
very fine capillary to permit circulation of a stream of 
small air bubbles through the liquid. 

Establishment of true equilibrium between liquid and 
vapor is absolutely necessary for accurate results. At 
first our practice was to begin distillation at atmospheric 
pressure and gradually to reduce to lower pressures. 
Such a procedure was found to give erratic results, par- 
ticularly at the lowest pressures. Apparently this is due 
to the fact that, after the liquid has been heated 
enough to boil at the higher pressure, a lowering of the 
pressure requires the dissipation of considerable heat 
energy through evaporation of the liquid before a new 
point of equilibrium is reached at the lower tempera- 
ture. It was found that it is far better to begin the dis- 
tillation at the lowest pressure. Thereafter the pressure 
is increased to a definite value and just enough heat is 
applied to the liquid to make it distill at a predeter- 
mined rate, at which time the pressure and the maxi- 
mum boiling temperature are read. In this way the 
liquid never possesses more heat energy than is nec- 
essary to make it boil, and better control is obtained. 

The apparatus required is shown in Figure 1. It con- 
sists of an ordinary distillation unit. The 500-ml. dis- 
tillation flask, equipped with a thermometer and a fine 
capillary to prevent bumping, is attached to a bulb-type 
condenser and receiving flask, and the latter to the ma- 
nometer and pump. The whole system is evacuated by 
means of an aspirator rather than a vacuum pump to 
avoid traps needed to protect the pump from condensed 
vapors. The pressure is controlled by a bleeder valve, 
B. Ascrew-type Bunsen burner base works very well. 


The Experiment 


Put 250 ml of pure liquid in the flask and evacuate the system 
to the lowest possible pressure with valve B shut tightly. \Vhen 
the liquid starts to boil, open B a little to raise the pressure just 
enough to stop the boiling. Then heat the flask with « very 
small flame until the liquid again boils and distills at the rate of 
one drop per second. As soon as the temperature and pressure 
are stabilized at this distillation rate, read and record ‘hem. 
Now raise the pressure about 30 mm, apply a little more heat 
until the liquid again distills at a constant temperatur: and 
pressure and at the same rate as before, and again record the new 
values. It is important not to touch the valve, B, during this 
time. The only control required is the amount of heat which is 
applied to maintain a constant rate of distillation. Repeat 4 
many times as desired to cover the whole range of pressurcs. 
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Vapor pressure, mm Hg 


Temperature, °C 
Figure 2. 


Record the atmospheric pressure, and subtract all pressure 
values from it to get the actual pressures on the liquid for the 


various boiling temperatures. Plot these vapor pressure values 
against the temperatures to obtain the VP-T curve. 


Student Results 


Data were determined for three liquids: water, car- 
bon tetrachloride, and isobutanol. In order to show 
the accuracy obtained by the students, Figure 2 gives 
the curves drawn from literature data and the actual 
experimental values (circles) obtained by the foregoing 
procedure. Students working in pairs can determine 
the data for two liquids in a three-hour period. 
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Malcolm E. Kenney 

and Selby M. Skinner 
Case Institute of Technology 
Cleveland, Ohio 


The structure of simple crystals can be 
studied with the aid of models made from steel balls 
but these models are generally too small to be useful for 
classroom instruction. However, the effects observable 
in a single layer of such a crystal model can be shown to 
large classes by enclosing a layer of bearing balls in a 
hollow 3!/,-in. by 4-in. lantern slide and projecting the 
shadow pattern. 

The simplest situation, spheres of a single size free to 
move in two directions, is shown by means of slide A 
(Fig. 1). When the slide is horizontal the balls assume 
random positions; when it is tilted the balls simulate a 
single layer of polycrystalline material (Fig 2). Such 
features as the method of the closest packing of spheres, 
the regularity of crystalline areas and the nature of 


2 


Figure 1. Slide A (left) and slide B (right). 


Hollow Lantern Slides 
Illustrating Crystal Structure 


Figure 2. Shadow pattern of 
slide A. 


Figure 3. Shadow pattern of 
slide B. 


crystal boundaries, slip planes and holes in crystal 
lattices are apparent after one or two trials. Re- 
crystallization and the looseness of atoms at crystal 
faces can be illustrated by tapping or vibrating the 
slide. 

Slide B (Fig. 1) shows the more complicated case in 
which a few smaller spheres (impurities) have been 
mixed with larger spheres. With this slide it can be 
shown (Fig. 3) that the smaller balls either accumulate 
at the crystal interface or occupy regular lattice sites 
(and thus create points of potential strain). 

The slides were made from '/;-in. acetate sheet. 
Slide one contains about nine hundred '/;-in. steel 
bearing balls and slide two has about three hundred 
1/,-in. balls and a few */;3:-in. balls. 
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John P. Chesick 

and Andrew Patterson, Jr. 
Yale University 

New Haven, Connecticut 


W. describe in this paper an experiment 

in which the solubility product of silver chloride, the 
ionization constant of the silver-ammonia complex, 
and the ionization constant of acetic acid can be de- 
termined with one afternoon of work in the laboratory. 
Because the success of the experiment depends to a 
considerable degree on voltage measurement, we de- 
scribe a student potentiometer which we designed and 
built for this particular exercise. Its cost is low 
enough—about $8—that most schools can afford one or 
more; its performance is excellent. 

A similar experiment has been used at another 
university,! but vacuum tube voltmeters were used in 
that case for the voltage measurements. This limits 
greatly the accuracy possible and adds significantly to 
the cost of the experiment. We feel that the instru- 
mentation we have developed is an important factor in 
the success of the experiment. 

The experiment in question was developed for our 
college freshman course offered to students with good 
previous training in chemistry. We felt that before 
these students undertook qualitative or quantitative 
chemical procedures they should have a solid under- 
standing of what ionization constants and solubility 
products are and how they are determined, and that 
while description and demonstration are both good, 
nothing could quite replace having the students do 
these determinations themselves. Accordingly, during 
the fall of 1958 we introduced a new group of experi- 
ments, all quantitative in character, which led by 
obvious stages to the determinations to which we have 
referred. These experiments laid a firm groundwork in 
use of the analytical balance, determinations of equiva- 
lent weights by several methods, establishment of the 
molar concept, use of titrations for determination both 
of millimolar quantities of materials and of concentra- 
tions. This last was followed by a titration determina- 
tion of the solubility product of lead chloride using a 
silver-chloride titration with chromate end point. 
Following this, the equilibrium measurement of electro- 
motive forces was developed both in lecture and 
laboratory discussion, with the specific experiment 
described in this paper. It is obvious that the nec- 
essary theoretical description and equations must be 
presented in advance and that the students must have 
had sufficient practice in manipulating figures if the 
experiments as a whole are to be meaningful. By 
working to this end and by insisting that the students 
learn theoretical and practical computing procedures as 
a part of the chemistry course, we feel we have over- 
come this difficulty. The term’s laboratory closed 


1 Nasu, L. K., “The Chemistry 2 Workbook,” Harvard Uni- 
versity Printing Office, Cambridge, Mass., 1954. 
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Potentiometric Measurements of Equilibria 


In general chemistry laboratory 


with a lecture demonstration of the dynamic nature of 
equilibria using radiochemical examples. One such 
example has been described in THIS JOURNAL.? 

The potentiometric determination was so well re- 
ceived by the students that we felt the procedures and 
potentiometer would be of interest to teachers at other 
schools. 


The Experiment 


The materials needed are: five 50-ml beakers, a 
graduate, a small U-tube to fit over two beakers, two 
corks and some scraps of filter paper to make the U-tube 
into a salt bridge, pH 7 buffer, 16 F ammonium hydrox- 
ide, 1.0 F potassium chloride, 0.10 F silver nitrate, 
0.10 F acetic acid, and 0.10 F sodium acetate solutions, 
quinhydrone, two pieces of platinum wire, and one 
piece of silver wire to fit the beakers. Needed also isa 
suitable potentiometric apparatus for voltage measure- 
ment in the range 0.050 to 0.250 volt. The solutions 
were made by weight and volume measurement and 
were not standardized; they are probably correct to 
1%. The pH 7 buffer was made from handbook 
directions for a sodium hydroxide-potassium dihydro- 
gen phosphate buffer. Buffer tablets may be pur- 
chased to serve the same purpose. 

The student prepares the salt bridge by filling the 
inverted U-tube with potassium chloride solution and 
stoppering it with the corks covered with strips of 
filter paper. He then makes three buffer solutions: 
20 ml and 20 mi, 40 ml and 2 ml, and 2 ml and 40 ml 
respectively of sodium acetate and acetic acid; he 
carefully marks each beaker. In a fourth beaker he 
prepares a silver chloride precipitate from | ml of silver 
nitrate and 20 ml of potassium chloride. In the fifth 
beaker he procures some of the pH 7 buffer. All 
solutions are measured with the graduate; the graduate 
is rinsed between measurements with the solution to be 
measured next. A pinch of quinhydrone, about 0.1 g, 
is added to the four buffer mixtures sufficient to !eave 
some solid after each has been stirred. 

The voltage measurement is made in each case using 
the pH 7 buffer with platinum wire and the cuin- 
hydrone couple as the reference electrode. The ‘hiree 
acetate buffers are compared with this reference 
through the salt bridge, which is washed in a littl: sur- 
plus potassium chloride solution each time it is cha: ged, 
using the other platinum wire and quinhydrone 2 the 
measurement electrode. Next the silver chloride- 
silver wire couple is substituted and the voltag: re- 
corded. Finally 20 ml of 16 F ammonium hydroxide 
solution is added to the silver chloride precip ‘te; 


? Lippy, W. F., J. Cuem. Epuc., 34, 578 (1957). 


. | 
is dis 

Tl 
| be u 
taug 
as 

also 

mig! 

hanc 

viou 
suce 
with 
St 
the 

desc 
upol 
mea 
| invo 
| syst 
whe 

and 

| ion 
ioni 
H. 
If A 
toa 
(HA 
| con 
om 

| the 
obt 
I 
is 
Oxi 
pos 
tro 
sho 
| as) 
of 
wit 
ine 
Tesi 


the solution is stirred with the wire until the precipitate 
js dissolved; and the voltage measurement is repeated.* 

The students were told that the potentiometer must 
be uséd in a methodical fashion just as they had been 
taught to weigh. One has to bracket the quantity to be 
measured and then approach it more and more closely, 
as closely as the potentiometer will allow. There is 
also the need to know the sign of the potential, which 
might be likened to knowing which is the left or right 
hand side of the balance. This analogy and their pre- 
vious training in using the balance must have been 
successful for there were few questions or difficulties 
with the voltage measurement. 

Students were given a mimeographed description of 
the exercise a week in advance of the experiment. The 
descriptive section on the computations elaborated 
upon the quinhydrone half-reaction and developed the 
measured potential differences in terms of the half-cells 
involved. The final result for the acetic acid buffer 
system was given as 


emf = 0.059 log [H *] pos/[H *] neg 
where emf is the voltage read from the potentiometer, 
and [H*],.. represents the concentration of hydronium 
ion at the electrode of designated sign. For the 
ionization of a weak acid like acetic acid, 
HAcO @ H+ + AcO-; Kyaco = [H*][AcO-]/[HAcO] 
If AcO~ is added in the form of the salt, sodium acetate, 


to a solution of the acid, the final values of [AcO~] and 
[HAcO] will not differ significantly from the initial 


RED BLACK 
CLIP LO-0.05-.15 
LEAD LEAD HI -0,15-.25 


Figure 1. Circuit diagram for student potentiometer. 
concentrations [AcO~] and [HAcO] and the potenti- 
ometric determination of [H+] allows computation of 
the equilibrium constant. Three such values are 
obtained, one for each buffer mixture. 

In the case of the silver-silver chloride cell, 


emf = — E%, = —0.101 —0.059 log [Ag+] /[H*] 


RANGE SWITCH 


is appropriate if the cel! reaction involves silver being 
oxidized, in which case the value of emf employed is 
positive. If the silver ion is reduced, the silver elec- 
trode will be positive, and a negative value of emf 
should be used in the expression. For the reaction 


AgCl, Ag+ + Cl-; Kage: = [Ag*][Cl-] 


as used in this experiment, there will be a known [Cl~] 
of approximately | , and the solution will be saturated 
with AgCl. The potentiometric determination of [Ag+] 


yee with these species will allow a calculation 
AcCl- 


*Be sure the silver ammonia complex is thoroughly washed 
down the drain after the experiment is completed as explosive 
residues are left on evaporation of the solution. 


Figure 2. Photograph of student potentiometer and associated materials, 
equipment, and parts. The back of the potentiometer panel is reflected 
in a mirror, showing the Trim-pots, mercury cell, 10-ohm potentiometer, and 
range switch with wiring. 


The Student Potentiometer 


The circuit for the potentiometer is shown in Figure 
1. It was constructed with a wood base and a Masonite 
panel using standard radio parts. A minimum of 
wood-working is involved. Figure 2 shows front and 
back views of the unit. The dial markings were drawn 
with ink on tracing paper, reproduced on Ozalid paper, 
and glued onto the panel with rubber cement. Holes 
for the shafts were cut in the paper with a sharpened 
cork borer. The finished product was sprayed with 
plastic transparent spray from an aerosol can to pro- 
tect the labels. The parts list follows: 


1—four-pole two-position tap switch such as Centralab Type PA- 
1011 

1—10 ohm wire-wound potentiometer such as Centralab Series 
58-10 

1—2-in. Bakelite bar knob 

1—mercury cell such as Mallory RM 12 R (3600 milliampere- 
hours) 

1—5 ohm deposited carbon 1% resistor '/2 watt 

1—15 ohm deposited carbon 1% resistor '/2 watt 

2—200-ohm multi-turn wire-wound trimmer potentiometers such 
as Bourns Trimit Model 271 

wire, sheet copper, brass screws, etc., as required 


The basic requirement of the experiment is to 
measure voltages with the values 0.050 to 0.250 volt to 
at least one millivolt. An error of | millivolt will result 
in an error in calculated ion concentration of 4%. The 
potentiometer allows one to do this precisely with no 
difficulty. A total resistance of 134.5 ohms in series 
with a Mallory mercury dry cell sets a current drain of 
10.00 milliamperes, since the voltage of the cell is a 
very stable 1.345 volts at room temperature. The cell 
used has a capacity of 3600 milliampere-hours so a life 
of well over 300 hours of actual use can be expected. 
The circuit divides the 134.5 ohms among selected end 
resistors and a 10-ohm potentiometer in such a way as 
to establish the 0.050- to 0.150- and 0.150- to 0.250-volt 
ranges. The actual values are given in Figure 1. Be- 
cause one needs some adjustment to compensate for 
variation in the components, none of which is selected to 
better than 1%, and because the required upper resist- 
ance values are not stock sizes, we chose to use two 
Trim-pots to set the potentiometer current to the de- 
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sired 10.00 milliamperes. These are the most expensive 
items in the unit, but their use was felt justified since 
an ordinary potentiometer will not allow sufficiently 
fine adjustment when the potentiometer current is set. 

After the units had been assembled, these two Trim- 
pots were adjusted to give 0.0500 and 0.1500 volt with 
the potentiometer at its lowest position. The two- 
position switch chooses between these two voltages. A 
Leeds and Northrup Type K potentiometer was used 
for this measurement. Lacking it, one could utilize 
another Mallory mercury cell and two precision resis- 
tors as a voltage divider to obtain the common 0.1500- 
volt reading. Finally, the potentiometer shaft was 
set at the center voltage value, that is, 0.1000 or 0.2000 
volt, and the knob tightened to point to the center 
mark on the handmade scale. To do this without the 
Type K or a similar reference potentiometer would 
require that another precision resistor be purchased to 
yield one of these voltages. In no case was the scale 
position found to be in error by more than a millivolt 
using this procedure for establishing the reading of the 
student potentiometer. Such errors as remained re- 
sulted from non-linearity of the potentiometer winding. 
These could be compensated for by calibration and 
would make the instrument useful to at least 0.1 milli- 
volt within its narrow voltage range. 

A galvanometer key was made (like the mercury cell 
holders) from sheet copper, cut, bent, and fastened to a 
wood block with brass screws. Oddly enough, the 
main thing to be careful about here is to burnish the 
copper strip and-screws where contact is to be made and 
to apply a modest touch of petroleum jelly on these con- 
tacts. Evidently it is easier to squeeze away the coat- 
ing of grease than to break through a semiconducting 
film of copper oxide or sulfide which is rapidly formed in 
the atmosphere of a laboratory. This apparently 
insignificant detail can well make the difference between 
success and failure of the experiment. 

As a null-indicator we used box-type galvanometers 
borrowed from the physics department. Lacking 
this, one can use radio surplus microammeters success- 
fully. The lower the current for full-scale reading, the 
better the precision of measurement. 


Student Results 


We have analyzed the results obtained by an arbi- 
trarily selected sample of about 100 of the 300 students 
who did the determinations. The sample was picked 
at random from different laboratory sections on differ- 
ent days, but we cannot pretend to have made a careful 
statistical selection. Table | lists the results. The 
large number of determinations of the acetic acid 
ionization constant comes from the fact that each stu- 
dent does three such measurements. The term ‘“ac- 
ceptable determination” means within tenfold of the 
correct answer. The number of unacceptable deter- 
minations result almost entirely from errors in calcula- 
tion. These calculation errors range from inability or 
failure to do the arithmetic correctly in the acetic 
acid case to inability to distinguish a mole from a molar 
solution in the silver-ammonia complex case. In 
almost all cases the recorded voltage measurements 
were correct. The most common error was failure by 
the student to recognize that when 10~‘ mole of silver 
chloride is dissolved in a total volume of some 41 ml of 
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Table 1. Average Results of Potentiometric Determination; 


Equilibrium 
involved 


AgCl Ag(NH,),+ 


No. of determina- 


tions 
Acceptable deter- 
minations 297 
Unacceptable de- 
terminations 38 
Mean equilibrium 
constant com- 
puted from ac- 
ceptable deter- 
minations 
Mean equilibrium 
constant cor- 
rected for ion ac- 
tivities 
Literature value of 
equilibrium con- 
stant at 25° C4 


335 


2.09 X 10° 2.49 X 10-" 2.64 x 107 


1.78 X 1.51 X 10-” 4.33 x 107 


‘1.74 X 10 1.56 X 6.2 x 107 


solution on the addition of ammonia, the total silver 
concentration is not 10~* molar. 

When the results are averaged, the interesting con- 
clusion is that the determinations are surprisingly close 
to the correct values. 

One correction can be made, however, which makes 
the agreement even better. The literature values for 
the equilibrium constants are for infinite dilution; for 
the concentrated solutions used in this experiment, the 
literature values must be regarded as activity products. 
The cell potential measurements yield values for silver 
and hydrogen ion activities. In the calculations of the 
equilibrium constants, these activities were joined with 
the concentrations of chloride, acetate, and silver com- 
plex ions. If appropriate activity coefficients of 1.0 for 
neutral molecules, 0.85 for acetate ion, and 0.61 for 
chloride and silver complex ions are used, the average 
values for Kuc,u,0, and Kage: are within 3% of the 
literature values. The mean complex ionization con- 
stant is probably in poorer agreement with the book 
value because of uncertainties in the actual NH; con- 
centration and activity. 

The ability to distinguish between activities and con- 
centrations has pedagogical value. One can avoid 
mentioning the subject, and the students will accept 
the deviations as experimental error, or the instructor 
can furnish the student with the activity coefficients to 
enable him to compute corrected equilibrium constants. 

The deviations from ideality show up in individual 
experiments as well as in the statistics of a large class. 
In one group of students the standard deviation of 17 
determinations of the silver-chloride equilibrium con- 
stant was 8.6%. Thus the individual student can 
readily observe the application of the activity coeffi- 
cients to the problem at hand. 

We are currently working on the conditions for the 
use of thiosulfate instead of ammonia as a complexing 
agent for silver ion. The use of a dilute solution of 
thiosulfate gives promise of providing improved ac- 
curacy in the determination of a complex ion equilib- 
rium constant. 


‘ “Handbook of Chemistry and Physics,” 35th ed., Chemical 
Rubber Publishing Co., Cleveland, Ohio, 1637, 1635 1953; 
Siwewicx, N. V., “The Chemical Elements and Their Com- 
pounds,” Oxford, 1950, Vol. 1, p. 137. ; 

HaRNED, H., Owen, B. B., “Physical Chemistry of lec- 
trolytic Solutions,” 3rd ed., Reinhold Publishing Corp., New ¥ ork, 
1958, pp. 529, 727. 
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D. J. Carswell’ 
and J. J. Lawrance 
Atomic Energy Commission 
Lucas Heights, Sydney 
Australia 


The only suitable tracers available for 
the study of the chemistry of thorium are the isotope 
230, an a-emitter with an 80,000 year half life, which 
occurs in the U*** (4n+2) decay series and Th**4, 
a 6-emitter with a 24.1 day half life in the U?* (4n+2) 
series. The recovery of Th*® from uranium puri- 
fication wastes has been described elsewhere (/). 
It is the purpose of this paper to describe a method 
which has been found satisfactory for the isolation of 
Th?**. Its 24.1 day half life and the fact that it may be 
obtained from natural uranium compounds without 
neutron irradiation make this isotope suitable for 
college and university courses. 

For half-life determinations, a half life of less than 
10 minutes is desirable in order that an experiment may 
be completed in a single laboratory session. An 
isotope with such a short half life cannot be purchased 
and must be obtained from a medium- or long-lived 
parent. One suitable nuclide for half-life determina- 
tions is Pa®** which is the daughter of Th***. The first 
members of the 4n+2 radioactive series decay in the 
following manner: 


B 
Us > Th?34 > 
4.51 10° yr 24.1d 
Pa2s4 ys = 
1.18m, 66.6 hr 2.5 X 10yr. 


The specific activity of U?* is 3.36X10~ curies per g 
(.e., 7.4105 d/m/g), and at equilibrium the activity 
duc to Th?* will be equal to the parent U*. As 50% 
of the equilibrium concentration is reached after 1 
daughter half life, a semi-continuous supply of the 
Th*** may be “milked” from a source of natural 
uranium, monthly ‘“milkings’” providing 4X 10° d/m of 
Th**‘ for each gram of 

For all practical purposes the long-lived U*** daugh- 
ter terminates the decay sequence after Pa**‘, thus 
avoiding further complications due to decay products. 
The high specific activity of Th®*‘, and consequent low 
chemical concentrations employed, usually make it 
desirable to add long-lived Th2*? as carrier. 


Method of Isolation of Th?* 


Methods for the isolation of Th®*4 which have been 
described in the past include solvent extraction of the 
cupierrate complex at pH 8.0-8.5 into chloroform 
(2), nultiple diethyl ether extraction of uranyl nitrate 
(3) i) which case the uranium can be stored in a solution 
of ether (or other suitable solvent), and a combination 


Present address Dept. of Radiochemistry, University of 


N.S.\V., Kensington, Sydney, Australia. 


Radiochemical experiments: 


A Thorium 234 “Cow” for Pa-234 


of ion exchange and solvent extraction processes using 
nitrate solutions (4). The latter may take one of two 
forms: (1) Initial removal of the bulk of the uranium 
by ether extraction, followed by adsorption on a cation 
exchange column and removal of adsorbed uranium 
with hydrochloric acid. The thorium is then recovered 
with oxalic acid. (2) An initial concentration of thorium 
using a large cation exchange column, followed by 
further concentration and purification using a second 
cation column or by solvent extraction with tributyl 
phosphate (TBP). 

Ion exchange techniques are desirable from an opera- 
tional point of view, particularly by comparison with 
the diethyl ether methods which would involve the 
storage of large volumes of ether solution between 
“milkings,” but initial concentration factors are lower. 
Comparison of the relative complex stabilities of 
uranium and thorium indicated by anion exchange 
studies in hydrochloric acid (5) and nitric acid (6) 
media clearly indicate the desirability of using the 
former, rather than nitric acid as advocated by Van 
R. Smit (4). An anion column would be expected to 
retain only the uranium from an uranium-thorium 
solution in HCl (>6 M), whereas a cation column 
would be expected to retain thorium almost exclusively. 

Thus, for quantitative thorium isolation and con- 
centration into a small volume a method similar to that 
of Van R. Smit (4) but using hydrochloric acid and 
smaller columns suggests itself. There still exists an 
objection to-handling and storing relatively large 
volumes of acidic solution, but this may be overcome by 
holding the uranium on a large anion column and 
concentrating the thorium on a small cation column. 
This principle was applied as indicated below. 

Small Column. A 50-ml buret with detachable plastic 
diaphragm stopcock and tip was used. A plug of 
glass wool was placed in the lower end of the buret and 
50 ml of De Acidite FF,?— 16 + 50 mesh was placed in 
the buret. A second glass-wool plug was placed on top 
of the resin bed. After the bed had been conditioned 
to the chloride form, two column volumes of 7 M HCl 
were passed through. Uranyl chloride in 7 M HCl 
(0.0986 gm U/ml) was passed through at a flow rate of 
1 drop per 10 sec until breakthrough was observed 
(73 ml). Four column volumes of 8 M HCl were passed 
through and the combined effluent was analyzed for 
uranium. The capacity was thus determined as 
6.5 g. During the conditioning and loading a 5% 
reduction in bed volume was observed. After a four- 
week period the Th?** was eluted with 50 ml of 8 M HCl 


2? De Acidite FF manufactured by the Permutit Co. Ltd. is 
equivalent to Dowex 1 manufactured by the Dow Chemical Co. 
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containing 1 mg Th?*? and concentrated on a small 
Zeo-Karb 225* column (capacity approx. 1 ml). The 
thorium was then eluted from the Zeo-Karb column 
with oxalic acid solution. 

Medium Size Experimental “Cow.” Following these 
preliminary experiments with the buret column, a 
Th?** “cow” having an anion bed volume of 600 ml 
was constructed from a 1-ft length of 2-in. diameter 
industrial “Pyrex” tubing. Black polythene !/2-in. i.d. 
pipe and fittings were used in the active circuit and 
upward elution adopted. The use of upward elution 
permitted the use of a completely closed circuit below 
the level of the top of the anion bed, minimizing the 
risk of a Jeak in the active circuit and the associated 
possibility of the bed running dry between “milkings.” 
Operation was also simplified in that the active flow 
was controlled by the flow of inactive acid to the base 
of the column. Circulation of acid through the bed 
during milking was obtained by distillation. The 
advantages of this method are the absence of moving 
parts, simple flow control, continuous acid purification, 
and the fact that by simply limiting the total volume 
of acid in the circuit flooding is impossible as circulatiov 
ceases if the level in the evaporator drops below the 
heating element. For larger systems mechanical 
pumping would be more attractive. 

The anion column was filled with — 16 + 50 mesh 
De Acidite FF and cycled from the Cl~ form to the OH~ 
form and back to the Cl- form. Uranium (60 g) was 
then adsorbed on the resin bed from constant boiling 
HC! (approx. 70% of the full loading capacity). 
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Figure 1. Apparatus for separation of Th?*4, 


3 Zeo-Karb 225 manufactured by the Permutit Co. Ltd. is 
equivalent to Dowex 50 manufactured by the Dow Chemical Co. 
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A small Zeo-Karb 225 column (vol. 5 ml) in the oy »r- 
flow circuit (Fig. 1) served to concentrate the T} 2% 
during operation of the “cow.” The flow rate \ as 
adjusted to 3-4 ml per minute (i.e., less than | ne 
cation column vol. per minute) which also permit ed 
2'/--3 anion column volumes of acid to flow in ‘ne 
8-hr working day. 

“Milking” has now been carried out 3 times at 
monthly intervals. The procedure adopted was to 
add 1 mg of Th?*? in HCl as carrier and switch on he 
evaporator and condenser water for one day, then to 
elute the thorium tracer from the cation column ‘he 
following day with oxalic acid solution. The oxalate 
was then destroyed in solution with nitric acid : nd 
hydrogen peroxide to yield a Th?‘ solution in a nitric 
acid medium suitable for radiochemical tracer work. 


Half life of 


Pa**4 is a suitable isotope for the demonstration of 
half-life determinations. This isotope is a 6-emitter 
with a half life of 1.18 min, and its decay product is the 
long-lived a-emitter U?*4 (half life 2.5 & 10° yr) so that 
no activity from subsequent daughter products will 
be present to complicate the experiment. 

The short half life of Pa?** will furthermore: permit 
a complete half-life determination to be carried out in 
10 min after the isotope has been isolated, and mean 
that equilibrium will be established with the Th 
parent in the same period, thus permitting successive 
experiments to be performed at 10 min intervals with 
Pa?**4 isolated from the same batch of Th?*. 

Booth (7) has previously suggested this isotope for 
use in half-life determinations. His method of prep- 
aration was based on an ether extraction of uranyl 
nitrate solution with the formation of a Th?* radio- 
colloid and its adsorption and subsequent recovery from 
the walls of a glass vessel. The Pa?** was isolated 
from the parent Th? by treating a Th?*4-Pa*** source 
on a platinum tray with a few drops of concentrated 
HNO;; evaporating to dryness followed by dipping 
the tray first into concentrated nitric acid for one second 
and then into distilled water. After blotting the tray 
with filter paper, the determination of the half life was 
attempted. Besides being chemically inelegant, quan- 
titative yields in both Th?** and Pa?** stages are not 
possible and the method is not applicable to rapid 
successive protactinium isolations. A more elegant 
method has been developed from the previously 
described Th?** “Cow.” 

Operation without the cation column in the circuit 
concentrates the thorium in the evaporator as a chloride 


_ solution from which it can be removed and fur her 


concentrated into a small volume of HCl. In add:‘ion 
to the Th?*4-Pa?** equilibrium mixture small amo: nts 
of desorbed uranium will also be present. Re: ilts 
reported by Peppard, Mason, and Gergel (8) show - hat 
under the acid conditions present, only uranium nd 
protactinium will be extracted by TBP and this so! ent 
was used to remove the small amounts of ura: um 
present. In a matter of a few minutes the Th?*-! .°* 
equilibrium is re-established. 
In handling material of very short half life, spe _ 2 
the isolation precedure and high yield are impor: :0t, 
and for these reasons solvent extraction or sp “ial 
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jon-exchange (9) techniques are particularly advan- 
tageous. Of thorium and protactinium only the latter 
forras neutral or anionic chloride complexes and a 
number of solvents are suitable for the separation of 
these elements. 

The Th*** “Cow” was run on one of its monthly 
miikings without a cation column. The Th? solution 
in HCl which concentrated in the evaporator was 
removed and further evaporated under an infrared 
lamp to a volume of 3 ml. This was extracted with 
TEP to remove traces of uranium. Thereafter the 
Th°*‘ stock solution was kept in a 10-ml centrifuge tube 
anc the Pa?*4 extracted as required. 

While TBP can be used as the extractant, better 
results were had with 40% tri-n-octylamine in xylene 
and with diisopropyl ether as solvents. The latter is 
particularly attractive as phase separation is very 
rapid, and this obviates the need to employ a centrifuge 
and also reduces the time necessary for the separation. 
In all cases the organic and aqueous phases (3 ml of 
each) were stirred vigorously with a laboratory stirrer 
for 2 min; the phases were separated using a centrifuge 
where necessary. The organic phase was then removed 
with a pipet placed in a second tube and given a brief 
(approximately 15 sec) wash with an equal volume of 
6M HCl. After phase separation, the organic phase 
was transferred to a polythene cup and counted in a 
well type scintillation counter connected to a rate 
meter. The total time required for the chemical 
separation was between 1-2 min after the initial 
stirring with the thorium solution was discontinued. 
The procedure could be repeated at approximately 
ten-minute intervals by which time equilibrium between 
Th*** and Pa?*4 had been re-established. 

Experimental results obtained for several runs are 
shown in Figure 2. In one case the Pa?** was back- 
washed from diisopropyl ether with 6 M HCl contain- 
ing a trace of HF. The low count rates observed in 
this case are chiefly due to the additional time re- 
quired in the chemical separation. 

The logarithmic plot of count rate against time in 
Figure 2 indicates a half life of 1.3 min which is in 
reasonable agreement with the generally accepted 
value of 1.2 min. The slight increase in the value of 


the half life is attributed to the response time of the 
integrating circuit of the rate meter. 
1000 
900 
800 
700 
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Figure 2. Decay of Pa?*4, A and V = 40% Tri-n-octylamine/xylene 
solvent. O = Diisopropyl ether solvent. > = Diisopropyl ether solvent 
and backwashed into HCI—HF. 
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Robert W. Parry 
University of Michigan 
Ann Arbor 


Fi one were to try to pick a single event 
in recent times which was responsible for the revitaliza- 
tion of inorganic chemistry, the writer believes that the 
event would probably be the development of fission and 
fusion reactions. Here are processes which are spectac- 
ular and of tremendous importance to humanity (good 
or bad) and which demand for their development the 
very best of our experimental and theoretical skills in 
the separation and classification of materials. Methods 
for effecting a separation of materials (and as a conse- 
quence rare earth chemistry) advanced spectacularly 
in this work. Even the cornerstone of inorganic 
chemistry, the periodic table, was revised and extended. 
It is significant that this renaissance was closely tied to 
developments in modern physics. 

The pattern has been repeated many times. The 
development of electron paramagnetic resonance by the 
physicist led to the revival of earlier models for the 
interpretation of detailed magnetic data on coordina- 
tion compounds. The now classical works of Bethe and 
of Van Vleck were rediscovered, and modern ligand 
field theory terminology became a must for the inor- 
ganic chemist. The Nobel-prize-winning development 
of nuclear magnetic resonance by Purcell and Block has 
been extensively applied in inorganic chemistry. 
Finally regular developments in the perennial problems 
of theoretical physics and chemistry provide an ever 
expanding theoretical framework into which the facts 
of inorganic chemistry must be placed, and the terminol- 
ogy, which changes with the fashions of the day, must 
be kept modern. 

Caught in this close relationship with present day 
physics, inorganic chemistry is assuming a more dis- 
tinctly physical tone, and it is not unexpected nor 
improper to note that most lecture courses in advanced 
inorganic chemistry are going farther and farther into 
the realm of modern physics. The situation will be 
healthy as long as a firm relationship is maintained be- 
tween the theoretical concepts of physics and the facts 
and concepts which are modern inorganic chemistry. 
The situation becomes undesirable when the inorganic 
chemistry course becomes a nonmathematical pre- 
sentation of modern physics and when terminology 
borrowed from the theorist is glibly used as a physical 
explanation for processes which are too complex for 
rational treatment by available theoretical methods. 
Recent texts and reviews might be cited in which real 
inorganic chemistry can be recognized only with diffi- 


Presented as part of a symposium on Instruction in Inorganic 
Chemistry, sponsored jointly by the Divisions of Chemical Educa- 
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Operational Inorganic Chemistry 


culty in the bewildering array of bond orbitals and |iy- 
potheses. It isnot uncommon for new terminology to 
be introduced so rapidly that the student (and perhaps 
even the instructor) fails to appreciate its true physical 
meaning and operational background. Frequently, 
predictions based on classical periodic analogies or 
contrasts are buried in the modern fashionable termi- 
nology to such an extent that the real underlying 
periodic relationships may be lost, and postulates of 
doubtful validity are substituted. It is important to 
remember that our most effective predictions in inor- 
ganic chemistry are usually based on analogy. 

Lest the above remarks be interpreted as a self- 
righteous blast at my colleagues, let me hasten to add 
that I recognize in the above charges large sections of 
my own graduate and undergraduate lecture program. 
This fact among others has been the basis for, in the 
words of our leaders, ‘an agonizing reappraisal’ of 
present methods and trends. It is not the purpose of 
this paper to suggest a complete revision of our lecture 
methods, particularly since I could not subscribe to a 
program which abandons our present semitheoretical 
approach and our happy marriage with modern day 
physics. Operational expansion of theoretical concepts 
would seem to be far more effective than drastic surgery 
and reversion to simple empiricism. 

The laboratory, which unfortunately seems to be the 
vanishing prairie of inorganic instruction, seems well 
suited for the task of bringing the lecture material into 
the traditional realm of the inorganic chemist: the 
preparation of materials and the classification and 
correlation of their properties in terms of fundamental 
concepts. Many worthwhile laboratory courses have 
been described and many more will be. The following 
is a description of only one approach to the problem; 
it is described here with no claims for superiority or 
infallibility, but as an earnest attempt to bridge the 
gap between inorganic chemistry as many of us teach 
it in the lecture room and inorganic chemistry as we 
find it in the research laboratory. Two units wil! be 
considered. The first is an optional 2-semester-)our 
undergraduate laboratory course which is offere:! in 
conjunction with a 2-hour lecture course in inorg:ini¢ 
chemistry for seniors. The second is an option: ! 2- 
semester-hour laboratory course in advanced inorg \ni¢ 
chemistry which is offered in conjunction with a spcial 
topics course in inorganic for graduate students. 


The Undergraduate Course 


The undergraduate lecture course is more or less 
conventional in character. Theoretical models 0: the 
atom and of compounds are developed extensively. 
This work is followed by a rather extended discussi« of 
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the periodic table which includes consideration of 
systematic trends in stability of oxidation states in 
Bohr’s four groups of the table. Inorganic stereo- 
chemistry, silicate chemistry, acid-base systems, alkali 
metals and thermochemical cycles, oxidation and re- 
duction, and a brief introduction to coordination chem- 
istry are usually included. 

The laboratory work which parallels the lecture 
course makes an attempt to lay a broad foundation for 
synihetic work in inorganic chemistry while illustrating 
the lecture material. The course stresses the general 
methods and techniques of synthesis and is more or 
less traditional in character. For example, crystalliza- 
tion is considered in terms of the phase rule and phase 
diagram. The approach is an extension of that sug- 
gested by Walton (1). Double salt formation and some 
purification processes are used as examples. The 
properties of alums may be related to sizes of ions (2), 
and our success or failure in purification of a double salt 
by recrystallization may be related to the phase dia- 
gram (1). Similarly the failure of recrystallization as a 
purification procedure in many cases may be related to 
isomorphous substitution of similar ions in the lattice. 
The example of FeSO, in CuSQ,, given by Henderson 
and Fernelius (3), is a pertinent one, and the rare earths 
provide a classic illustration of this problem. 
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Figure 1. Block diagram of student high vacuum system. 


Alumino-thermic type reductions are carried out, 
and materials such as crude “boron” and “silicon” 
(actually these products are far from being pure ele- 
ments) prepared in the operation are frequently used in 
subsequent hot tube reactions for the preparation of 
SiC, and BCl;. Good operational techniques and 
simple glass blowing procedures are required in order to 
get the halides into sealed tubes. Pure BCl; may be 
stored in the freezing compartment of the refrigerator 
in glass tubes. Its storage in sealed glass tubes at 
room temperature is not recommended, particularly 
when amateur glass blowers have been involved. 

The preparation of these and other halides can be 
used to illustrate the systematic variation in the stabil- 
ity of oxidation states in the different parts of the peri- 
odie table. For example, the reaction of chromium 
metal with chlorine to give CrCl; and the reaction of 
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Figure 2. Fractionation train. 


Figure 3. Storage unit. 


tungsten to give WCl, under comparable conditions em- 
phasize the fact that higher valence states become more 
stable as one goes down in a transition group (Bohr’s 
group III). The formation of relatively stable SiCk 
and unstable PbCl, brings out the fact that the stability 
of the maximum oxidation state falls as one goes down 
a group of the typical elements (Bohr’s group II). 
Electrolytic reduction of TiCl, and oxidation of CoSO, 
help to emphasize the fact that the lower oxidation 
states are becoming more stable as one goes across from 
left to right in the transition elements. All of the 
foregoing laboratory observations can be correlated 
with the discussion of atomic structure and the discus- 
sion of ionization potentials. It is mandatory, how- 
ever, to point out to the student in subsequent work, 
such as that on thermochemical cycles, that the problem 
is a complex one and we really employ a fortunate 
correlation rather than an absolute explanation of the 
descriptive chemistry. The synthesis of coordination 
compounds can be tied to the coordination compound 
discussion, acid-base theory, and oxidation-reduction 
procedures. 

A conscientious attempt is always made to correlate 
lecture discussion and its chemical consequence as it 
appears in laboratory operation. Since it is not 
possible for one student to do all of the experiments 
needed for the correlations, each student is assigned a 
set of experiments and group data are used to make 
correlations in weekly discussions. 


The Graduate Course 


The graduate laboratory course is closely tied to a 
special topics course which includes a discussion of: 
the hydrides, some aspects of rare earth chemistry, and 
coordination compounds. The optional 2-hour labora- 
tory course associated with the special topics lecture 
work is less conventional in nature and includes: 
vacuum technique which is essential to hydride ma- 
nipulation, magnetic measurements, and systematic 
transformation of coordination compounds. 

Approximately 50-70% of the course time is usually 
spent on vacuum techniques, since this is frequently a 
new area to our students. Sanderson’s book (4) on 
vacuum manipulation is strongly recommended as a 
working manual; only the student can provide the 
requisite practice. 

The vacuum line is represented diagrammatically in 
Figures 1-3. It includes: mechanical and mercury 
diffusion pumps, a McLeod gauge, a 3-trap distillation 
train, and a Toepler pump which can be removed from 
the system. The mechanical and diffusion pumps, the 
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McLeod gauge, and the Toepler pump service two distil- 
lation trains, one mounted on each side of the rack. 
Each distillation train is connected to two sets of storage 
bulbs. With this arrangement two students can work 
on the line at any one time. By assigning a storage 
unit to each student and having students work on 
different days, one can handle four students per week 
per rack. 

All students, after their earlier experience in the first 
semester course, are urged to practice glass blowing in 
order to gain proficiency in the making of simpler seals 
and bends. These rudimentary skills find immediate 
application in vacuum line work. The instructional 
program includes: calibrating the volume of the traps, 
measuring a temperature-vapor pressure curve on a pure 
known compound and a molecular weight by vapor 
density, separating the components of a known mixture 
and measuring molecular weight and vapor pressure on 
each component for identification, separating, and 
identifying the components of an unknown mixture, 
and running a simple reaction which demands, at some 
point, an application of the foregoing techniques. 

Ammonia is frequently used as a known for the initial 
measurements, and unknown mixtures such as NH;— 
(C:Hs)2.0, PH;—(CH;).0, CICF;—CICHF:, SF,— 
C.ClF,, etc., have been successfully separated and 
identified by students. The vapor pressure tables by 
Stull (6) are the standard reference. The following re- 
actions have been used successfully to illustrate vacuum 
technique: 


A 
Hg(CN )2 Hg + (CN): 


2 
? 


4PCl, + 3LiAIH, > 4PH; + 3LiCl + 
SiCl, + LiAIH, — SiH, + Residues 
+ NaBH, PH; + Residues 


g. 
PH; + Na —— NaPH2 + 1/,He 
NH; 


The work on the reaction may be a small research 
project wherein detailed answers are not available but 
where pretty well defined results are expected (for 
example, the fourth reaction above), or it may be a well 
known process (for example, the second reaction). 

The magnetic susceptibilities of compounds and the 
magnetic moments of the constituent atoms can usually 
be discussed glibly by many students of chemistry, 
and most students at the senior level are well acquainted 
with the frequent assumption that the magnetic mo- 
ment can serve as a convenient measure of the number 
of unpaired electrons in a material. ‘It is somewhat 
disturbing then to find that these same students have 
no appreciation for the experimental and physical 
implications of magnetic terminology and are completely 
unaware of the simplifications and assumptions (both 
theoretical and practical) which are involved in the 
treatment of experimental magnetic data for the usual 
transition elements. The transition between theoreti- 
cal models and physical reality is rarely made without 
strong urging by those of us charged with student 
teaching. The simple and inexpensive method de- 
scribed by Schuler (6) permits the easy measurement of 
magnetic susceptibilities, and the calculation of mo- 
ments from the data can provide a better appreciation 
of the variables in the collection, and treatment, of data. 
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Furthermore, a measurement on a rare-earth salt can 
do much to dispel erroneous ideas concerning the va|id- 
ity of “spin only” relationships for general magnetic 
moments, and the results provide an excellent poin: of 
departure for the development of ligand field theory in 
lecture. Weak field, strong field, and very strong field 
cases are more easily visualized in terms of experimei tal 
examples from laboratory operation. 

Finally, most students in an inorganic chemistry 
course take readily to the drawing of an octohedron 
and to the writing of d’sp* hybridization symbols. 
On the other hand, methods of synthesis of common 
coordination compounds and systematic methods by 
which changes in the structure of penetration type 
coordination compounds can be achieved are less well 
understood. Though much of our information in this 
area is still rather sketchy and nonsystematic in char- 
acter, certain type reactions and contrasts can be pro- 
posed for a few specific systems. Such classification, 
though not all inclusive, will at least provide a pattern 
for an analysis of many of our synthetic procedures and 
will provide an experimental background for many of 
the terms used in coordination chemistry. 

As a case in point, it is of interest to compare 
procedures for preparing and 
[Co(NHs3).]+*++. Since [Cu(NH3;),]+* forms and dis- 
sociates reversibly as NH; is added to or removed from 
a solution of a Cu(II) salt, it isa most convenient illustra- 
tion of the so-called “‘normal,”’ or “labile,” type of coordi- 
nation compound. In contrast, procedures for preparing 
and illustrate clearly 
the slower, non-reversible methods involved in the 
preparation of so-called “penetration,” “robust,” or 
‘fnert”’ complexes. 

The chemistry of cobalt and chromium ammines is of 
particular interest in a discussion of synthetic methods. 
Since cobalt is most commonly divalent in its non- 
complexed state, the Co(II) salts provide a logical 
starting point for the synthesis of Co(III) coordination 
compounds. Oxidation by air or H2O: is effected in the 
presence of the amine and its salt. For ammonia the 
equation is 


2Co+t+ + 2NH,+ + 10NH; + 
Charcoal 
1/4 O02 ———_——> 2[Co(NHs).] + H:0 


In contrast to the previously mentioned case of 
[Cu(NH;),4]*++, the formation of the [Co(NHs;).]*** is 
neither rapid nor reversible. In the absence o! the 
charcoal, water or the anion in the solution frequently 
enters the coordination sphere; thus the following e(\ua- 
tion is typical if charcoal is omitted in a solution con- 
taining chloride: 


2CoCl, + 2NH,Cl + 8NH; + 


The charcoal promotes the conversion of the pentm- 
mine to the hexammine. If ammonium carbonate is \\sed 
in place of NH,Cl and Co(NO;)2 is used as the oriyinal 
Co(II) salt, the product is largely [Co(NH;)sCOs]*. If 
NH.Br is present in a cold solution, [Co(NHs(sH:0 | “*~ 
is formed. Finally if NH,NO. (prepared in situ) 
is used in place of NH,Cl, the same process yiclds 
[Co(NHs)3(NOz)3]. The foregoing compounds !ay 
serve as starting points for subsequent system:tc 
transformations (7). 
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The chemistry of chromium would appear to bear 
little direct relationship to that of cobalt since chro- 
mium is normally trivalent or hexavalent in com- 
mercially available starting materials. Indeed most 
procedures for the synthesis of ([Cr(en)3]++* or 
[(Cr(NH3)6]*** involve reaction of the anhydrous 
chromium (IIT) salt with the anhydrous amine, a process 
which is unsuitable for cobalt complexes since simple 
Co(III) salts are not readily available. 

H,+ 
CrCl; (anhyd.) + 6NH; Ni liquid [Cr(NH3)¢] Cl; 


Cr(SO4)s + 6 en [Cr(en)s]2(SOx)s 


ethylene diamine 

On the other hand, Balthis and Bailar (8) noted that 
aqueous solutions of chromium(II) salts are oxidized 
in the presence of an amine to give the corresponding 
chromium(III) complex. The reaction bears a strong 
formal similarity to the standard reaction used to pre- 
pare Co(III) complexes. The hydrogen ion serves as 
the oxidizing agent rather than air or H.O2. Both 
ammonia and ethylenediamine can serve as the amine. 


2Cr+*+ + 2NH,* + 10 NH; — 2(Cr(NHs)s] + He 


Berman (9) found that in the absence of a catalyst the 
above procedure, in his hands, usually gave a red oil and 
very low yields of the yellow [Cr(NHs3)«]*+**, but yields 
of complex were quantitative if platinized platinum 
was added to promote Hz, liberation. Such observa- 
tions illustrate both the advantages and weaknesses of a 
systematic arrangement of preparative procedures. A 
systematic framework aids in the development of the 
similarities of reaction chemistry and provides a simple 
working generality, but one cannot rely too heavily 
upon the “system” or generality and neglect the es- 
sential differences in the chemistry of the individual 
elements. Indeed I am of the opinion that emphasis 
upon the foregoing similarities and experimental 
differences would do much to add meaning to our usual 
theoretical discussions of “bond type” and to our pro- 
posed classification of reactions on the basis of reaction 
mechanism. The importance of such basic experi- 
mental observations in compound classification was 
clearly recognized by Taube (10) in his excellent review 
on the mechanism of substitution reactions. 

The systematic transformation of the above coordina- 
tion compounds can be examined under two headings: 
the changing of groups outside the coordination sphere 
and the changing of groups inside the coordination 
sphere. Both processes emphasize the high energy 
barrier in the usual formation and decomposition proc- 
esses for the penetration complexes. 

lor changing groups outside the coordination sphere, 
standard systematic procedures for salt conversion are 
usually applicable. Thus a halide can be converted to 
a hydroxide through the standard technique of grinding 
with silver oxide. Typical equations are: 


+ 3Ag.0 + 3HOH 
ice 


Id 
| GAgCl + 
2(Co(en);]Cl; + 3Ag0 + 3HOH — 6AgCl + 2[Co(en);](OH); 


Neutralization of the resulting hydroxide with an acid 
produces a new coordination compound. The titration 
curves for the neutralization processes are easily made 


and demonstrate the fact that [Co(NHs;).¢](OH); and 
[Co(en);](OH); are strong bases with 3 strongly ionized 
OH— ions per molecule 


cold 
[Co(en)3](OH)s + 3HX [Co(NHs3)«] + 3H,0 
80. 


Alternatively, direct metathesis reactions may be 
employed in selected cases to transform groups outside 
the coordination sphere: 


+ 3AgF — [Cr(NHs)s] Fs + 3AgCl 


The inert nature of the complex group is clearly appar- 
ent. Such synthetic methods have been useful in this 
laboratory in preparing fluoride salts of coordination 
compounds for research purposes (//). 

Systematic procedures for transforming groups inside 
the coordination sphere may likewise be based upon an 
application of conventional inorganic reactions to 
appropriate starting complexes; reactive groups placed 
strategically inside the coordination sphere serve as 
a point of attack. For example, the carbonate ion 
in [Co(NH;),CO;]* and the three nitrite groups in 
[Co(NH3)3(NOz)3] may be replaced by the action of an 
appropriate acid. The chloride ion in [Co(NHs;)sCl]*+* 
can be removed slowly by the action of Ag* in hot 
solution, but the procedure has limitations; a more 
effective but less obvious procedure for removing chlo- 
ride involves dissolving the chloropentammine in warm 
aqueous ammonia; the aquopentammine is produced 
and may be crystallized from a cold acid solution. The 
water in [Co(NH;);H,O]+++ is then rather easily re- 
placed by a variety of coordinating agents. 

The above attempts at systematization obviously 
neglect many critical details and, indeed, the procedures 
suggested may not always be applicable for the synthe- 
sis of a given desired product. On the other hand, such 
an arrangement of information provides a reasonable 
point of departure for the detailed study of a specific 
system, and the laboratory experience is of high educa- 
tional value. 
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A senior student may have an intriguing 
view of inorganic chemistry. He has had general 
chemistry, and in this course he was exposed to 
physical concepts and the application of mathematics 
to a variety of problems. This course was diluted with 
a minimum of descriptive inorganic chemistry. The 
student enjoyed qualitative analysis because it 
presented something of a challenge and he learned a 
few chemical reactions and the chemist’s deductive 
method of reasoning. 

The challenge of analytical chemistry was worn a 
little thin in quantitative analysis by the time-con- 
suming operations. In organic chemistry, he was 
amazed to find that the field developed so logically, 
and he recognized the possibilities of preparing new, 
interesting compounds. Physics, mathematics, and 
physical chemistry seemed to fall into proper perspec- 
tive. 

He has had two years of German, and for the use he 
has made of it he is wondering why? If he has had a 
course in library science, he knows where the books are 
but not the limitations and contents. 

To this student, inorganic chemistry does not amount 
to much. Based on his course in general chemistry, it 
seems to be the ultimate in disorganization. He has 
heard the names of 102 elements but remembers only 
52. If he is to graduate with a clear concept of in- 
organic chemistry, he should have an inspirational 
type course in his last year of college. 

The following could well be the objectives of such an 
advanced inorganic course: (1) make the field suffi- 
ciently logical to be palatable; (2) clarify inorganic 
nomenclature; (3) use concepts of structure to develop 
the periodic table and thereby give the student a 
mechanism of comparison to help remember and to 
predict the nature of chemicals and reactions; (4) 
apply physical concepts of structure, bonding, ionic 
radius, etc., to help explain the why of reactions and 
structure; (5) expand the field for the student by 
opening the areas of complex compounds, solvent 
systems, and other special topics; (6) provide historical 
background to make the course cultural as well as 
factual. 

The first five are well covered in the few advanced 
texts, but the end products of chemistry, its compounds, 
are neglected. Methods and mechanisms are neces- 
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Forty Hours to the Inorganic Frontier 


A literature assignment in inorganic chemistry 


sary and interesting, but the great percentage of 
chemists in the United States live off the products. 
Descriptive chemistry should not be overlooked. 

A teaching method we have found successful is to 
assign a specific anion to each student taking the 
advanced inorganic course. We provide him with a 
blank periodic table on which he will record all of the 
compounds of that ion that have been reported in the 
literature. He will submit a term paper giving a 
summary of the properties of the central element, then 
the acid, then each compound. For each cation he will 
use a separate sheet and record the data in an organized 
fashion so that the comparisons can be made from page 
to page. All references are to be shown, as well as 
methods of preparation, yields, and physical data. 
After this study is complete, the student must provide 
a summary section in which he predicts what compounds 
could be made, how to make them, and the properties 
of these compounds. The student should note the 
gaps in the literature for physical data, such as X-ray, 
thermodynamic, etc. 

Starting with Lange’s ‘(Handbook of Chemistry,” 
the student then goes to Remy, then to Mellor (and 
its reference problem), then to Jacobson’s “Encyclo- 
pedia of Chemical Reactions,” and finally to Gmelin 
and an experience with German. Dates of publications 
of the Gmelin volumes must be noted as an indication 
of when to start using the abstracting journals. Since 
the listing of the compounds is generally under the 
cation heading, the student must become familiar 
with most of the volumes of Gmelin. It is assumed 
that all library aids will be used including inter- 
library loan. Industrial concerns active in the field 
can be called upon for data. 

By now the student is at the “Frontier.”” He knows 
much is yet to be done and has a new insight into the 
field. Interest grows as he presents his findings in a 
one-hour report to the other students. 

Students do a presentable job in 40 to 50 hours. 
The instructor must spend at least four hours checking 
each anion before assigning it in order to avoid blind 
alleys. Time must be spent in the library wi‘! the 
student, preferably after he has struggled for « few 
hours. Respect must be shown for the older itera- 
ture; it is often the only reference. 

The less familiar ions are the best to assign because 
the student finds more gaps in the literature. Typical 
of good assignments are selenite, selenate, telluride, 
tellurite, ferrite, hexachlorosmiate(IV), and perrhenate. 

If one wishes to develop interest in inorganic :hem- 
istry, this ‘Anionic Approach”’ will bring his students 2 
forty hours to the “Inorganic Frontier.” 
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The instructional usefulness of extending 
the concept of electronegativity to the estimation of 
partial charges on combined atoms has been discussed in 
a series of earlier papers in THIS JoURNAL (J, 2, 3, 4). 
There have also appeared descriptions of a periodic 
chart showing atomic electronegativities by color (5) 
and of two-dimensional representations of molecules 
showing partial charge by color (6). One purpose of 
this paper is to report the extension of these applica- 
tions of color to models which now permit in three di- 
mensions a new visualization. A second purpose is to 
re-emphasize, on the basis of continuing experience, the 
unique teaching value of such models and of the funda- 
mental principles which they dramatize. 


Teaching the Periodic Law 


The Periodic Law and the valence relationships of the 
elements can be illustrated using new atomic models 
made of foamed polystyrene spheres. A convenient 
seale is 1.5 in. per trom, which, if covalent radii are 
used, makes an atom of hydrogen (smallest) about an 
inch in diameter and an atom of cesium (largest) about 
seven inches in diameter. The spheres may be painted 
with tempera, if a wetting agent such as a modern dish- 
washing detergent is added to the water medium, and 
when dry may be sprayed with a light coat of clear 
plastic finish. For reasons to be explained below, the 
color scale recommended for electronegativities is not 
that suggested for the original chart (5). Instead, red 
represents lowest electronegativity, yellow intermediate, 
and blue highest. The complete scale may use as many 
as 25 hues from red through oranges and yellow and 
greens to blue. Grey is used for the inert elements. 
A piece of stiff wire thrust entirely through the center of 
an atomic sphere can be formed into a loop at one end 
and a hook at the other. The plastic may be protected 
from wear at the points of wire entry by small washers 
imbedded in and glued to the plastic. Half-inch 
diameter spheres may be glued to the atomic sphere to 
represent outermost electrons (white) and electron 
vacancies (black). These may be placed in pairs at 
locations showing valence structure, this being more 
usefully informative than ground-state structure. 
For ex: mple, three pairs of small spheres (one white and 
one black in each pair) are fastened at the corners of 
an equilateral triangle in plane with the nucleus to 
tepreserit the directional characteristics of sp? hybrid 
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Models for Demonstrating 
Electronegativity and “Partial Charge” 


bonds on the models of B, Al, Ga, In, and Tl. (For 
the transition elements, electronegativity is known 
only very approximately, and the valence structure is 
too variable for simple representation by “electrons” 
glued to the models.) 

Models of atoms of the first 20 elements are adequate 
to introduce the subject of periodicity. One method of 
presentation is to take these models out of a box and 
distribute them at random on the lecture bench. Then, 
following the founders of the Periodic Table, one can 
arrange these in order of increasing atomic weight. 
Hooked together, they form a colorful chain nearly 
seven feet long. The fact of periodicity becomes thus 
spectacularly obvious. Not only is the periodic varia- 
tion in size immediately evident, but students can see 
too the periodicity of valence electrons. Most striking 


Figure 1. Periodic arrangement of atomic models. 


of all is the display of electronegativity variations, the 
change, for example, from red Li through orange Be, 
yellow-orange B, and yellow-green C to green N, 
greenish-blue O, and blue F, and then to grey Ne being 
nearly repeated by the sequence from red Na through 
orange-red Mg, orange Al, and yellow-orange Si to 
greenish-yellow P, yellowish-green S, and blue-green 
Cl, and then to grey Ar. 

Having pointed out all apparent aspects of perio- 
dicity, one can then proceed to disconnect the spheres 
and reconnect them in similar, vertical groups as in a 
periodic table. A frame from which these groups can 
be suspended is easily made from a pair of music 
stands and a six foot crossbar of one-inch aluminum 
tubing or, even less expensively, from lumber. The 
“diagonal relationships” will be especially conspicuous, 
Al being nearly the same color as Be, and Si as B. 
Additional elements may then be attached to make a 
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more complete “‘table.’”” Such a table, an example of 
which appears in Figure 1, can be permanently dis- 
played in the lecture room, where frequent reference to 
it can be very helpful in explaining chemistry. Indi- 
vidual atomic models can quickly and easily be dis- 
connected for special discussion, as in considering the 
specific chemistry of the individual elements. 


Molecular, lonic, and Crystal Models 


The representation of partial charge by color gives a 
unique utility to molecular models (6). Instantly one 
can tell not only the structure but also the polarity of 
each bond, visualizing not merely the direction of 
polarity but also its relative extent. Such information 
can of course be extremely helpful toward understand- 
ing the physical and chemical properties of the com- 
pound. Three-dimensional models can be constructed 
from foamed polystyrene spheres fastened together, 
after painting, by combination of glue and wooden con- 
nectors. The only structural features of a molecule or 
crystal known with reasonable certainty are the bond 
lengths and bond angles. The extent to which the 
individual atoms are considered to contribute to the 
space effectively occupied by the molecule or crystal 
depends on a certain arbitrariness of definition and 
measurement. The choice of atom sizes, or even of a 
spherical shape for the atoms, for the models is therefore 
somewhat arbitrary, requiring rigorously only that the 
bond angles be correct and the distances between 
sphere centers be accurately to scale. The models most 
commonly employed in teaching and used mainly in 
organic chemistry are designed to represent the van der 
Waals radii of the atoms which show the “closest dis- 
tance of nonbonded approach.” This is desirable 
where steric relationships are to be emphasized and 
where partial charges and bond polarities are generally 
relatively low. The models recommended for use in 
inorganic and general chemistry, however, have atoms 
with sizes representing the smaller, covalent radius, or 
distance of single bond approach. Not only are cova- 
lent radii more reliably known, but the following advan- 
tages favor their use: (a) they permit ready differentia- 
tion of single and multiple bonds, represented by tan- 
gential or closer than tangential approach of the two 
spheres; (b) the models are more open in structure and 
permit viewing the interior of more complex aggregates 
whereas if the outside atoms were of van der Waals 
radii they might block out the interior entirely; (c) 
the covalent radius indicates the distance of approach 
necessary for bond formation and therefore chemical 
reaction and is thus at least as significant for its pur- 
pose as the van der Waals radius; (d) differences in 
size associated with partial charge are easily estimated 
(7) and shown when covalent radii are used. And, 
incidentally, models using covalent radii are generally 
much simpler to construct. 

The color scale chosen to represent partial charge 
may be consistent with that used to represent electroneg- 
ativities if yellow stands for zero charge, red for high 
positive, and blue for high negative charge. The con- 
sistency is limited because the electronegativity of 
course is not identical with its result, the partial charge. 
However, with this charge-color scale, an atom of low 
electronegativity (red) is most likely by chemical com- 
bination to become positive (red), and an atom of high 
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electronegativity (blue) is most likely to become n -ga- 
tive (blue). 

For models easily visible throughout a large lec‘ ure 
room, the same scale suggested for the atomic mo els, 
1.5 in. per Angstrom, is recommended. 


The “Partial Charge” Concept 


Before detailing some representative applicatioi.s of 
the new models, it should be helpful to review the | asic 
concepts upon which partial charges are estimated and 
to consider exactly what these “charges’’ represen. 

In brief, atoms of different elements differ both i: the 
strength with which they resist removal ef their own 
electrons and in their attraction for outside electrons, 
These properties are displayed jointly as the funda- 
mental quality called electronegativity, which is most 
commonly the major factor determining the relative 
degree of sharing of electrons by two atoms covalently 
joined together. If the bonded atoms are unequal in 
electronegativity, the valence electrons will spend more 
than half the time more closely- associated with the 


. initially more electronegative atom, thereby giving it a 


partial negative charge and leaving the other atom 
partially positive. Charges thus resulting from un- 
even sharing of valence electrons can be estimated bya 
simple and reasonable method (4) based in part on the 
recognition that electronegativity must change with 
acquisition of charge, decreasing with negative and in- 
creasing with positive, and on the assumption that such 
change is linear with amount of charge. 

Now, knowing molecules to be composed of two or 
more “point” positive charges in relatively fixed posi- 
tions, imbedded in a diffuse cloud of electrons, one can 
recognize that the assignment of partial charges to the 
individual atoms must at best be only a deliberate 
simplification. It is indeed an attempt to describe an 
exceedingly complex system in terms useful toward 
reaching a practical understanding of the molecule. 
Ultimately, the validity of such an attempt must be 
judged by its success in explaining and _ predicting 
chemical properties and phenomena. Charge data for 
more than two thousand compounds and ions, including 
most of the more familiar substances of inorganic 
chemistry, have now been calculated and _ studied. 
These data make possible a more coherent, logical, 
consistent organization of inorganic chemistry than has 
heretofore been available. 

The widespread acceptance of quantum mechanics as 
a pathway to ultimate fundamental truth in chemistry 


_ has to some extent inhibited recognition of the possible 


utility of a simpler, less rigorous, but more practical 
approach. However, the new charge data are not 1 
serious conflict with othertheoretical concepts o! chem- 
istry; for example, wave mechanical descriptions of 
bonding recognize and attempt to take into accoull 
‘Gonicity.” Indeed, the charge data serve, ivr the 
most part, simply as a quantitative expression «i what 
experienced chemists have qualitatively and intuitively 
long believed to be true. 
Furthermore, these data are. reasonably co: sistell 
with various physical measurements believed ‘> ind 
cate similar electrical dissymmetries. Dipole n: men's 
are so sensitive to other factors besides initial | lectto- 
negativity differences that only in the simpler | mainly 
diatomic) molecules can even rough consisten: y with 
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caleulated partial’ charges be expected, but for -such- 


“ae molecules the agreement is remarkably good. Other 
physical evidences consistent with partial charge data 
fs have recently been obtained from microwave spectro- 
lels, scopy and from studies of nuclear magnetic resonance. 
All these physical data, when considered together 
with the properties of compounds, strongly support the 
conclusion that the condition of a combined atom does 
1s of indeed depend on its environment, which to a large and 
asic usua!!y dominant extent results from electronegativities. 
and One may call this contribution “partial charge” or by 
i. any other name, as long as its true significance is clearly 
1 the understood: ‘‘Partial charge” is a quantitative estimate of 
own the re: ative extent to which differences in electronegativity of 
rons, the aioms before compound formation have altered the 
inda- electronic field about the nucleus of an atom in a compound. 
most In the following discussion it will become apparent that 
ative as an index of the condition of a combined atom, partial 
ently # charge provides a uniquely useful and satisfactorily 
‘al in reliable basis for explaining much of chemistry. 
more An advantage in the new models of representing 
1 the charge by color is that it transfers emphasis from the 
Zita numerical charge quantities to the relative condition of 
atom combined atoms, which is of more fundamental sig-_ 
Un- nificance. 
| bya 
n the Physical Nature of the Elements 
with The physical properties of the elements, as well as 
id orf the chemical properties, are of course a reflection of the 
such atomic structure, but only indirectly. Directly, these 
properties are a consequence of the physical nature of 
Vo Or I the elements, determined by the way the atoms are 
oud combined. For example, sulfur is a low-melting, vola- 
— tile solid not by direct reason of its particular atomic 
o the structure but because it is composed of Ss molecules, the 
erate intermolecular attractions of which are relatively weak 
be - and easily overcome by heat. Nitrogen is chemically 
rward unreactive not by virtue of an inert atomic structure, 
wc which it does not have, but because the interaction of 
icting 
ta for 
uding 
rganic 
udied. 
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Figure 2. Models of some elements. 


two nitrogen atoms forms so stable a molecule that the 
disruption usually needed for its chemical reactivity is 
extreme!y difficult. 


sistent Such properties can be understood 
indi: gg “Uch more readily with the help of models of the ele- 
ments “eats, such as shown in. Figure 2. The physical tran- 
lectro- ‘tion from metal through high-melting nonmetal to 


very low-melting gas, for example, is shown very well by 


mainly 
: the models from lithium through fluorine. All these 


with 


~ models are of course colored yellow, indicating non- 


polar bonds. 
Chemistry via the Nonmetals 


The entire periodic system can conveniently, and in 
many respects most instructively, be surveyed from the 
viewpoint of the nonmetals. A systematic application 
of the concept of partial charge to the chemistry of non- 
metals shows that both physical and chemical proper- 
ties of their compounds can be quite consistently under- 
stood in terms of the condition of the combined non- 
metal atoms. Two useful principles apply: (1) many 


reactions can be explained as evidences of a tendency 
for an atom of an active nonmetal to abandon its com- 
bination with one atom to join another from which it 
can acquire higher negative charge; (2) other factors 


Figure 3. Some oxides and oxy-ions. 


being equal or negligible, an atom can act more readily 
as an electron donor the higher its negative charge. 
Illustrations of these principles will be found in the fol- 
lowing brief discussion of binary and complex com- 
pounds of oxygen, hydrogen, and chlorine. 

Oxides (Fig. 3). The most important oxide is water 
and models of water molecule, hydroxide ion, and hy- 
dronium ion have a multitude of uses in teaching 
chemistry. Such models show the oxygen to be small- 
est in H;O* ion, larger in H.O, and largest in OH™~ ion. 
In H;0*, the yellow-green color of the oxygen shows it 
to be only slightly negative and therefore of consider- 
able residual oxidizing power but little capability as an 
electron donor. In H,0O, the green color of the oxygen 
represents a higher negative charge, corresponding to 
lower oxidizing but better electron donor ability. In 
OH~ ion, the blue color of the oxygen corresponds to 
essentially no residual oxidizing power but good elec- 
tron donor ability. The hydrogen atoms in these 
models differ from small red-orange in H;0+ ion to 
larger orange in H,O to larger and blue-green in OH-, 
indicating in the last a high negative charge. With 
these models, the general nature of aqueous acids and 
bases is easily understood, and neutralization when- 
ever H;O+ and OH~ come in contact is recognizable as 
inevitable: the blue hydroxide oxygen is a much better 
electron donor to a proton than is the green oxygen of 
water. 

Differences between weak and strong aqueous acids, 
and the corresponding differences in hydrolysis of their 
salts, are clearly indicated by the new models. The 
extent of ionization of acids is the complex result of a 
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number of factors but a rough simplification is possible 
if it is recognized that acid strength will tend to vary 
_ inversely with the ability of the anion from the acid to 
act as electron donor to a proton. Thus models of the 


Figure 4. Some binary hydrogen compounds. 


carbonate and phosphate ions show the oxygen as blue 
and highly negative, corresponding to the ease with 
which it can donate electrons to a proton and therefore 
to the weakness of the free acid and the susceptibility of 
carbonates and phosphates to hydrolysis. In contrast, 
the oxygen atoms in models of the nitrate and perchlo- 
rate ions are medium or yellowish-green, displaying only 
a relatively small negative charge on oxygen with 
greatly reduced capacity to donate electrons to pro- 
tons. This is consistent with the well-known strength 
of aqueous nitric and perchloric acids and the absence 
of hydrolysis of their anions in solutions of their salts. 
Models of acetic acid, trichloroacetic acid, trifluoroace- 
tic acid, and their anions are aptly illustrative of the 
same general principles; the oxygen in acetate ion, for 
example, being greenish-blue compared to yellowish- 
green in the trifluoroacetate ion. 

From the models, the oxidizing power of acids and 
water toward active metals can be seen to come not only 
from the positive hydrogen but also from the fact that 
the oxygen is not very negative. While in the dissolu- 
tion of a metal, some of the hydrogen is being reduced 
to zero charge in forming the free element, the re- 
maining hydrogen and oxygen are also being reduced, 
either to less positive hydrogen and more negative 
oxygen in water, or to negative hydrogen and very 
negative oxygen in hydroxide ion. In general, the 
close relationship between acid properties and oxidizing 
power, and between basic properties and reducing 
power, is clearly shown by such models. For instance, 
it is easy to see why hydroxide ion is a stronger electron 
donor than is water. 

Models of all the oxides of the nonmetals will show 
the oxygen to have been relatively unsuccessful, to 
varying degrees, in acquiring negative charge; oxygen 
atoms in these models will all be of some yellow-green 
hue. This is consistent with the oxidizing powers of 
these compounds, exhibited in many reactions in which 
the oxygen readily leaves them to unite with some other 
element from which it can gain higher negative charge. 
It is also consistent with the acidic properties of such 
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oxides since attraction for electrons causes them to 
unite readily with compounds of highly negative xy- 
gen which can act as electron donor toward them, 


- This is, of course, the familiar reaction between av idic 


and basic oxides to form complex ‘oxide salts. 
Similarly, models of all the oxides of the active m: tals 
will show the oxygen to be blue or greenish-blue, j:di- 


cating that these compounds are not oxidizing ag«nts 


under normal circumstances and that they can ser) e as 
Lewis bases, the oxygen acting as electron donor. Ip 
the reaction of such oxides with water to form | asic 
hydroxides, the oxide oxygen is donating a pair of «-lec- 
trons to a proton from the water. In the reaction of 
water with acidic oxides, on the other hand, the \ ater 
oxygen is acting as electron donor to the acidic oxide. 
The intermediate condition of the oxygen in water is 
what makes possible this twofold functioning and con- 
tributes so greatly to the chemical importance of water, 


Hydrogen and Its Binary and Complex Compounds. 
The intermediate condition of the oxygen in water just 
mentioned is, of course, the consequence of the inter- 
mediate electronegativity of hydrogen. Hydrogen can 


-readily act either as oxidizing agent or reducing agent. 


One can predict that its oxidizing ability along with its 
electron-accepting ability should increase as it acquires 
positive charge, and its reducing ability should increase, 
along with its electron-donating ability, as it acquires 
negative charge. Figure 4 is a photograph of some 
models of binary hydrogen compounds. Such models 
show very vividly the condition of the combined hydro- 
gen, which is easily recognizable as being remarkably 
consistent with the properties of the compounds. For 
example, it is well known that. lithium hydride forms 
ionic crystals, reacts vigorously with compounds of 
positive hydrogen liberating hydrogen gas, and forms 
complex hydrides in which its hydrogen acts as electron 
donor. These properties correspond in a model to a 
greenish-blue color for the hydrogen, representing its 
high negative charge. Hydrogen has a similar ap- 
pearance in all compounds having similar properties, 
which include the other alkali metal and alkaline earth 
metal hydrides. The hydrogen in the model of beryl- 
lium hydride is still quite negative as indicated by the 
green color, but appreciably less so. Its general physi- 
cal and chemical properties are similar. In diborane, 
BeH,, the hydrogen is now only slightly negative, as 
indicated by the greenish-yellow color. Here the 
physical association is limited to dimerization, but the 
compound is still capable of reacting with positive 
hydrogen compounds, yielding hydrogen gas, ali hough 
its hydrogen is too slightly negative to serve as e vctron 
donor except perhaps in the “‘hydridic bridge” dim eriza- 
tion. In methane, the hydrogen is slightly positive 
but so slightly that the color in the model is vellow, 
indicating neutrality, with the carbon yellow-green 
indicating slight negative charge. Here are |vst all 
tendencies to associate or serve as electron dono”, or to 
react easily with compounds of positive hy ‘rogen. 
Then with ammonia, the positive charge on hy ‘roge? 
shows up as an orange color, consistent with it- small 
ability to act as an acid and its tendency ‘oward 
“protonic bridge” association through formation of 
hydrogen bonds. In water, the hydrogen is redder 
orange, consistent with its greater acidity, ox izing 
power, protonic bridge strength, and acidity in this 
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seri:s of compounds. Hydrogen fluoride carries the 
treud one more step. In summary, the change in the 
nature of binary compounds of hydrogen across the 
periodic table is very clearly displayed by the new 
models. 

Association of hydrogen compounds appears possible 
eithcr through ionic or “hydridic bridge” bonding when 
the :ydrogen has negative charge or through “‘protonic 
bridze”’ bonding when the hydrogen has positive charge 
and the negatively charged atom is small. The 
“anomalous” properties of ammonia, water, and hydro- 
gen ‘iuoride compared with their respective congeners 
are easily explained by the models, which show these 
first members of the group not only to possess hydrogen 
of higher positive charge but also to have the smaller 
and more negative atoms, permitting a closer and 
stronger association through hydrogen. The forma- 
tion of complex hydrides such as the borohydrides and 

_the aluminohydrides can be seen from the models to 
involve coordination of a BH; or an AlH; group only 
with a more negative hydrogen of some other hydride, 
in general giving greater stability the more negative the 

’ hydrogen of the other hydride and the lower the polariz- 

ing power of the metal. The models indicate why 
borohydrides or aluminohydrides of such elements as 
carbon and phosphorus are not known. 

Binary Compounds of Chlorine. Models of the binary 
compounds of chlorine, some of which appear in Figure 
5, show very clearly the trend in the condition of com- 
bined chlorine from very negative in NaCl to neutral 
in Cl. The chlorine in NaC! is of course blue, and it 
ranges from blue-green in MgCl, and green in Al,Cl, to 
yellow-green in SiCl, and PC); and greenish yellow in 
SCl. This change in condition is concurrent with the 
change in physical properties from solid salt through 
molecular or only slightly ionic crystal to volatile liquid 
and gas. In chemical properties, the change is 
from relatively inert, except for electron donor ability, 
toward increasing oxidizing power and increased suscep- 
tibility to hydrolysis. In hydrolysis, the combined 
chlorine atom becomes chloride ion, thus increasing its 
negative charge toamaximum. Although the potential 
chlorinating power of combined chlorine when its nega- 
tive charge is relatively low is not always appreciated, 
the models show clearly why it should not be overlooked. 
For example, carbon tetrachloride is generally regarded 
as quite inert, but the model shows that the chlorine, 
pale yellow-green, is only slightly negative and poten- 


tially a strong chlorinating agent. Mixed with an active 
metal, such as aluminum, carbon tetrachloride may show 
no tendence to react, but if reaction happens to* be 
initiated, it may be disastrously explosive. Again this 
emphasizes the general principle that a highly electro- 
negative element such as chlorine will tend to abandon 


Figure 6.” jProposed initial set of models for general chemistry teaching. 


its position in combination if a greater negative charge 
can be acquired by the change. The model of Ai.Cl, 
shows by the green color of chlorine a substantially 
higher negative charge than in CCl. 


Models for Teaching General Chemistry 


Any teacher could find good use for a hundred or more 
models, but it -is possible to construct a set of only 25 
which can illustrate most of the principles of elementary 
chemistry. Figure 6 shows this initigh set, which can be 
helpful in teaching the following: + Ea 


(1) Relative sizes of atoms and ions-and the distinctions be- 
tween elements and compounds. 

(2) The nature of bonds: ionic, polar covalent, nonpolar co- 
valent, coordinate covalent, single, and multiple. 

(3) The relationship of bond polarity and structure to molec- 
ular polarity. For example, the bonds in CO; are polar as shown 
by the green oxygens and the orange carbon, but are symmetri- 
cally directed, making the molecule nonpolar. In H,0O, on the 
other hand, the bonds are also shown as polar but being unsym- 
metrically directed they impart polarity to the molecule. 

(4) The relationship of molecular structure to the conditions 


_ under which a compound or element is solid, liquid, or gas. 


(5) Reactants and products in chemical reactions. At least 
21 different chemical equations can be represented by the models 
of this set, making the meaning of such equations much clearer 
to beginning students. 

(6) The nature of water, aqueous acids, and bases, and the 
hydrolysis of salts. 

(7) Oxidation-reduction and oxidation state. For example, 
the sulfur atom in a model of H:S is yellow-green (negative), but 
in a model of H2SO, it is orange (positive). The yellow (neutral) 
H: molecule can be described as reacting with the yellow (neutral) 
Cl. molecule yielding HCl in which the hydrogen has become 
oxidized (orange, positive) and the chlorine has become reduced 
(green, negative). 

(8) Introducing organic chemistry. The model of CH, illus- 
trates the simplest of organic compounds. Together with the 
model of the chlorine molecule and that of HCl, it can be used to 
show how derivatives of methane can be made by successive sub- 
stitution for hydrogen atoms, with CCl, the final product along 
with HCl. The model of acetic acid shows the result of removing 
one hydrogen atom from methane and replacing it by a carboxyl 
group. 
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There is almost no limit to the application of these 
models to teaching chemistry, at all levels. Despite 
advances made in recent years, instruction in inorganic 
chemistry still needs much closer integration of explana- 
tory with descriptive material. It is hoped that models 
such as those described herein will be found generally 
helpful in this direction. 
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Stanley Kirschner, 
Karl Gayer, and 
Richard Hahn 

Wayne State University 
Detroit 2, Michigan 


My first-year graduate courses in 
laboratory techniques in inorganic chemistry are 
inadequate and frequently do not achieve the objectives 
proposed for them. This is especially true of the so- 
called “preparations” courses, which often degenerate 
into little more than a modification of “cook-book” 
chemistry. 

One major objective of this type of course is to help 
students obtain a reasonable degree of competence in 
certain fundamental laboratory operations along with 
an understanding of the nature and appropriate uses 
of these operations. Frequently laboratory prepara- 
tions courses are designed with the hope that, in carrying 
out the assigned experiments, the students will gain 
the desired understanding and manipulative com- 
petence automatically, as if by some mystical transfer. 
That this occurs to any large extent is open to serious 
question. 

It is proposed that if it is desirable for students to 
learn a particular laboratory technique or manipulation, 
the particular technique itself be taught in the labo- 
ratory, and that laboratory preparations be used 
only as illustrative material. Consequently, it be- 
comes necessary to delineate carefully the important 
techniques which should be included in a first-year 
graduate course. An effort should be made to avoid 
unnecessary duplication of techniques which will be 
presented in other laboratory courses, either within 
inorganic chemistry or in other areas. 

An outline of the techniques currently under study 
for inclusion in the first-year graduate course in 
laboratory techniques in inorganic chemistry at Wayne 
State University is given below. Some of these 
have already been incorporated into the existing course 
with considerable success and it is expected that 
others will soon be included. The concept of teaching 
the technique itself and using illustrative preparations 


Presented as part of a symposium on Instruction in Inorganic 
Chemistry, sponsored jointly by the Divisions of Chemical Educa- 
tion and Inorganic Chemistry at the 134th Meeting of the 
American Chemical Society, Chicago, Illinois, September, 1958. 
For other papers in this series see THIS JOURNAL, 36, 441 (1959). 
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Graduate level laboratory course 


Techniques in Inorganic Chemistry 


has proved superior to the previous concept of a 
course in laboratory preparations. Some evidence for 
this at Wayne is found in the markedly decreasing use 
of the professional glassblower employed by the 
University within the last five years, although the 
number of graduate students and staff engaged in 
research activities has increased substantially during 
the same period. Furthermore, there has been a 
noticeable increase in the research investigations which 
involve use of many of the techniques described below, 
apparently at the expense of some test tube research. 
In practice, a lecture-demonstration is given to the 
class on the technique under discussion, after which the 
students are assigned laboratory preparations which 
involve this technique and probably others as well. It 
is the responsibility of the student to locate a suitable 
experimental procedure in the literature, to construct 
the necessary apparatus, and to carry out the prepara- 
tion. Students are expected to work alone although 
they are encouraged to solicit advice from the instructor 
and more advanced students. Each student performs 
between eight and ten preparations per semester and 
reports orally on about six of them. The oral report 
takes approximately 20 minutes and is concerned 
primarily’ with the important aspects of the exper 
mental procedures. The student is questioned during 
the presentation by the instructor as well as other 
members of the class. A written report outlining the 
important experimental techniqies is turned in the 
student along with the sample of tHe substance pre- 
pared, usually at the time of the oral presen ation. 
The average number of students in a, class is about ten 
and the class usually meets formally for ¢wo reci'tion- 
lecture hours per week. The average time spent in the 
laboratory is between eight and 12 hours per week. 
although students may spend more time on thes 
preparations at their research desks if they desi’. 
Students are expected to consult journals of « \igin:! 
research as well as books in order to find »itable 
preparative procedures for their assignments. \mong 
the books used are the Inorganic Syntheses series, 
Handbuch der praparativen anorganischen Che'e bY 
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Brauer, Experiniental Inorganic Chemisiry by Dodd and 
Robinson, and Experimental Inorganic Chemistry by 
Palmer. In addition, books on special phases of 
laboratory techniques are used as supplementary 
realing sources (e.g., Laboratory Glassworking for 
Scientists by Robertson, et al., and Vacuum Manipula- 
tion of Volatile Compounds by Sanderson). 

The compounds chosen as assigned preparations vary 
from semester to semester and cost of chemicals and 
materials is sometimes a factor in the choice. One 
part of the laboratory is equipped with special apparatus 
suc): as ovens, muffle furnaces, balances, a refrigerator, 
a centrifuge, a shaker, a pulverizer, d.c. electricity, 
vacuum pumps, glassblowing equipment, ete.; and, 
with time, cost has become less important as a factor 
in the assignment of preparations. 

Techniques are chosen from the following list and a 
student comes in contact with about a fourth of these 
during a semester: 


Manipulation of pure substances 
Weight: special weighing apparatus 


Temperature: measurement and control 
Environment: desiccants, active and inert atmospheres 


Properties of pure substances 
Measurements: changes of state, density, magnetic suscepti- 
bility 
Separations: distillation, sublimation, precipitation, coagula- 
tion, crystallization, filtration, optical resolutions, 
extraction, ion exchange, chromatography 


Manipulation of laboratory apparatus 
Glassworking, low and high pressure techniques, electrical 
measurements, grinding and pulverizing, mixing 


Special techniques in inorganic chemistry 
Electrolytic preparations, non-aqueous solvents, fused salts, 
stability constant determinations, large crystals, coordination 
compounds, anhydrous halides, mineral extractions, alloys, 
organo-metallic compounds, inorganic polymers, catalysis 


Manipulation of radioactive materials 
Detection and measurement of radioactivity, safe handling 
procedures, preparative methods, tracer techniques 

Safety in the chemical laboratory 
Safety equipment, accident prevention, explosions and fires, 
safe handling of electricity and toxic substances, laboratory 
first-aid 


William L. Jolly 
University of California 
Berkeley 


The paucity of synthetic inorganic 
chemists in the United States is surely not caused by a 
lack of inherent talent, but rather by an educational 
system which tends to create the illusion that there are 
no new kinds of compounds to be discovered. There- 
fore, at Berkeley, we teach a course the primary purpose 
of which is to awaken synthetic talents in students. 
This course in synthetic inorganic chemistry is a one- 
semester, three-unit course, consisting of one hour of 
lecture and six hours of laboratory work per week. 

In the lectures, an attempt is made to show the stu- 
dents “how synthetic chemists think.” First we exam- 
ine the various motivations of synthetic chemists—both 
those who prepare new compounds and those who find 
new methods for preparing already known compounds. 
Such considerations may seem trivial, but it must be 
remembered that the average undergraduate student 
has not yet engaged in pure research and has not en- 
joyed the thrill of original discovery. 

Accidental Discovery. Simple chance, coupled with 
astute observation, has been responsible for the dis- 
covery of many new compounds. Oftentimes in the 
cours: of what is thought to be a straightforward 
synthesis or investigation, something completely un- 
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A New Course in 
Synthetic Inorganic Chemistry 


expected happens. Perhaps an unexpected precipitate 
forms, a gas is evolved, a reaction mixture turns an 
unusual color, or a yield of expected product is very 
low. Unfortunately, the average chemist usually 
ignores such phenomena and goes on to work which he 
can understand. But the curious chemist tries to find 
out what “went wrong” and, in the process, usually 
makes a significant discovery, sometimes a spectacular 
discovery. 

For an example of this type of discovery, one may 
cite the attempt of Kealy and Pauson' to make dihydro- 
fulvalene (a hydrocarbon containing two five-member 
rings) by the oxidation of cyclopentadienylmagnesium 
bromide with ferric chloride. They found none of the 
desired product, but they did isolate a remarkably 
stable organo-iron compound which they identified as 
biscyclopentadienyl iron (‘ferrocene”).? Today this 
compound and other transition-metal “sandwich” 
compounds hold the attention of many inorganic 
chemists. 

In the laboratory, it is important that the instructor 
insist that the students be on the alert for unusual 


happenings. An attempt should be made to under- 
stand all phenomena. Indeed, students may learn as 
much from unsuccessful experiments as from success- 
ful ones. 


1 Keaty, T. J., and Pauson, P. L., Nature, 168, 1039 (1951). 
? For a review of the chemistry of ferrocene see Rauscu, M., 
ET AL., THIS JOURNAL, 34, 268 (1957). 


Volume 36, Number 10, October 1959 / 513 


4 
of a | 
for 
g use | 
the 
1 the 
od in 
uring 
en a | | 
vhich 
elow, 
ch. 
o the | | 
h the | 
vhich | 
. It 
table 
truct 3 
para- 
ough 
uctor 
corms 
and 
eport | | 
orned | 
“peri- 
uring 
other 
the 
y the | 
pre- 
tion. 
t ten | 


Curiosity. Most creative scientists are motivated 
by curiosity. Curiosity led Alfred Stock to the dis- 
covery of an entirely new class of compounds: the 
boron hydrides and their derivatives. Stock* stated 
that in 1912 he chose to study the boron hydrides be- 
cause he felt that boron, the neighbor of carbon in the 
periodic system, might be expected to form a much 
greater variety of interesting compounds than merely 
boric acid and the borates, which were almost the only 
ones known at that time. But he probably never 
dreamed that, in the next 20 years, he and his co- 
workers would prepare such an extensive and fascinat- 
ing series of compounds as are described in his mono- 
graph, “Hydrides of Boron and Silicon.” 

We try to spark the curiosities of the students by 
describing current research and by encouraging students 
to prepare unusual, “exotic”? compounds. 

Testing Theories. There are innumerable examples 
of compounds which were prepared for the first time in 
order to test the validity of a theory. Most of the 
complex compounds prepared by Alfred Werner were 
prepared in order to build up confirming evidence for 
his famous coordination theory. 

Discovery to Fulfill a Need. New compounds are 
often prepared because of an urgent need for them. 
During World War II, a great deal of effort was ex- 
pended in an attempt to find volatile uranium com- 
pounds which could be used in isotopic separation proc- 
esses. This work led to the discovery of many fas- 
cinating uranium chelates and miscellaneous boro- 
hydrides. Nowadays, chemists are tailor-making new 
kinds of refractories and high-energy fuels for use in 
rockets. 

New Methods for Preparing Old Compounds. The 
synthetic chemist is not only concerned with the prep- 
aration of new compounds—he often seeks new and 
better methods for preparing compounds which have 
been known for many years. Usually the first method 
used for the preparation of a compound is inefficient 
or inconvenient. Thus the motive for seeking a better 
synthetic procedure is obvious. There are many in- 
organic compounds which would change from “labora- 
tory curiosities” to commercially important chemicals 
if practical syntheses were found for them. For 
example, the compounds and particularly 
challenge chemists’ ingenuities. 

Thermodynamics and Kinetics. It is important that 
students appreciate the importance of thermodynamics 
and kinetics in synthesis.‘ As an example of thermo- 
dynamic reasoning, consider a chemist who is wonder- 
ing whether or not he can make hydrazine by the oxi- 
dation of aqueous ammonia by nitric oxide. By 
reference to a table of free energies, he would quickly 
calculate that AF° = 48.9 kcal/mole at 25° for the 
reaction 


8NH; + 2NO = 5N:H, + 


and know that, under ordinary conditions, the method 
would not work. Kinetic considerations are frequently 
of importance in synthetic work. As a simple example, 
we may cite the preparation of lithium hydride. Al- 


Stock, A., “Hydrides of Boron and Silicon,’’ Cornell Univer- 
sity Press, Ithaca, New York, 1933. 

4 See other papers in this symposium, notably that by Tauss, 
H., THIs JOURNAL, 36, 451 (1959). 
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Table 1. Types of Compounds 


Type Examples 
Strong oxidizing agent K.FeO,., SO, 
Strong reducing agent KNH:, LiH 
Coordination compound [Co enzCl.]Cl, K2Ni(CN ),- 11.0 
Organo-Metallic compound Fe(C;Hs)2, 
Volatile halide VOCI;, AsCl; 
Polymer (NaPO;);, (PNCl), 
Volatile hydride PH:;, 
Miscellaneous gas COS, HCOF 
Metal Ge, B 
Intermetallic compound NayPbs, NaSne 
“Sub’’-compound AgeF, Cs;O2 
Miscellaneous LisN, SiN, 


though the reaction of lithium and hydrogen to form 
lithium hydride is thermodynamically favored at room 
temperature, there is no appreciable reaction unti! the 
reactants are heated to about 700°. 

Acid-Base Concepts. Since many inorganic reactions 
may be thought of as acid-base reactions, it is impor- 
tant that students be aware of the various generalized 
acid-base concepts, including the protonic concept, the 
solvent concept, and the Lewis concept. After covering 
these ideas, it is easy to discuss topics such as syntheses 
in liquid ammonia, the synthesis of coordination com- 
pounds, and the synthesis of complex hydrides. 

Structure from Chemical Data. In most of our other 
undergraduate courses, students learn how various 
physical properties may be related to molecular struc- 
ture. In this course, we spend some time discussing 
the relationship between chemical behavior and struc- 
ture. This is a topic which is familiar to organic 
chemists, and we feel that inorganic chemists can profit 
from such considerations. For example, we would 
expect students to be able to distinguish N,N,N- 
trimethylborazine from B,B,B-trimethylborazine from 
the amount of hydrogen evolved upon hydrolysis. 


H 
B 


N—cH, 
N 2 
bu, 
H 
CH;—B 3CH;B(OH): 
> + 
H H 3NH; 
Laboratory Work 


The laboratory work has two main purposes: |) to 
familiarize the students with a wide variety of vom- 
pound types, including some which they probab!y do 
not realize exist (it is hoped that this will cause some 
students to wonder about unknown compounds) and 
(2) to teach the students the important experin ental 
techniques which are available for synthetic work 

Each student is required to prepare six dif rent 
compounds. The students themselves choose hich 
compounds they make, but they are restricted ©» the 
extent that each compound must be of a different ‘ype’ 
(as listed in Table 1) and that, during the semester, 
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Table 2. Special Techniques 


1. Electrolytic oxidation or reduction 

2. High temperature process (resistance furnace) involving 
controlled atmosphere 

3. High temperature process (resistance furnace) not involv- 
ing controlled atmosphere 

4, Use of non-aqueous solvent 

5. Use of electric discharge 

6. Use of ion-exchange column 

7. Use of high-pressure apparatus 

8. Fractional or continuous extraction 

9 

10 


. Use of inert-atmosphere box 
. Vacuum manipulation 


they must use at least six of the “special techniques” 
listed in Table 2. Occasionally we find it necessary to 
disallow a student’s choice of synthesis. This is usually 
done because the synthesis is too dangerous or too 
difficult; students seldom choose trivial syntheses. 
It will be noted that the first eight techniques of Table 2 
require equipment which is available, or readily as- 
sembled, in most college chemistry departments. The 
inert-atmosphere box may be a problem for some 
schools. In this respect it should be mentioned that a 
large transparent polyethylene bag, flushed with argon, 
serves as a convenient substitute for an inert-atmos- 
phere box. A thin-walled bag offers little impediment 
to manipulation and is very impervious to moisture. 
The glass parts for a vacuum line might easily cost $300, 
but the maintenance costs are relatively small. 

The students are furnished with directions for the use 
of the special- equipment, but they are not furnished 


with directions for the preparation of their chosen com- 
pounds. They go to the literature for their synthetic 
methods. They are asked to attempt improvement of 
literature methods with respect to one or more of the 
following points: (1) simplicity of procedure, (2) 
purity of product, (3) percentage yield of product, and 
(4) cost of product. The purity of the six products 
must be evaluated by quantitative or semiquantitative 
analyses. In many cases, sharpness of melting point or 
boiling point is an acceptable criterion of purity. In 
other cases, qualitative analyses for the more likely 
impurities may suffice. In cases where simple criteria 
such as these are impossible, a simple quantitative 
analysis (preferably volumetric) may be necessary. 

In addition to the six required syntheses, each student 
is required to perform an analysis using the vacuum line. 
He may choose either to determine the equivalent 
weight of an “unknown”’ acid in liquid ammonia by 
measuring the hydrogen evolved when the acid reacts 
with sodium or to analyze qualitatively an “unknown” 
mixture of volatile materials. Students must com- 
plete this assignment before they use the vacuum line 
for purposes of synthesis. 

During the last three weeks of the semester, the 
students work on a minor research problem which in- 
volves either the preparation of an entirely new com- 
pound or a new synthetic method for a known com- 
pound. The results of this research are written up in 
the style of a typical article from the Journal of the 
American Chemical Society. 


Harry H. Sisler 
University of Florida 
Gainesville 


0.. objective of the symposium of 
which this paper is a part is to discuss methods and 
course content for the teaching of inorganic chemistry. 
Much attention has been given to the teaching of 
inorganic chemistry to the student interested in special- 
izing in this field—this is indeed an important aspect 
of the situation. It is perhaps of even more importance, 
however, to consider the need for the teaching of 
inorganic chemistry as an essential part of the training 
of every professional chemist, for it is the strong belief 
of the author that inorganic chemistry provides an 
important area of study, offering unique values, in the 
training of chemists for a great variety of special 
fields far beyond the bounds of what is normally 
considered the professional area of operation of in- 
organic chemists. The teaching of a properly designed 


Presented as part of a symposium on Instruction in Inorganic 

emistry, sponsored jointly by the Divisions of Chemical Edu- 
cation and Inorganic Chemistry at the 134th Meeting of the 
American Chemical Society, Chicago, Illinois, September, 1958. 
For other papers in this series see THIS JOURNAL, 36, 441 (1959). 


Inorganic Chemistry Taught as a 
Requirement for All Professional Chemists 


course in inorganic chemistry to all chemistry graduate 
students and undergraduate chemistry majors is an 
exceedingly important consideration in the develop- 
ment of a modern and effective system of chemical 
education. 


Essential to the Understanding of Modern 
Chemical Theory 


The reason for the importance of inorganic chemistry 
to chemical education lies in the paths which the de- 
velopment of chemistry as a science has taken during 
the past half century. During this period, the field of 
chemistry has changed from an empirical science, 
emphasizing descriptive aspects of the subject, to a 
science in which ever increasing attention is given to 
the correlation of theory and fact—a science in which 
a dependable theoretical structure in terms of which 
the properties of matter can be understood and pre- 
dicted is rapidly being developed. The characteristic 
which most clearly distinguishes the chemist of today 
from his counterpart of 50 years ago is the awareness of a 
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system of theoretical concepts concerning the structures 
of atoms, molecules, ions, crystals, and other aggregates 
of matter—a system which he can use as a guide to 
his research and as a basis for the prediction of the 
properties of new substances as yet “unborn.” It is, 
therefore, inconceivable that any college or university 
which seeks to train chemists properly should ignore 
or fail to emphasize properly the need for assuring the 
training of its students in these most important struc- 
tural concepts. 

If the student is to achieve the desired degree of 
understanding of the structural theory of modern 
chemistry, he must have the opportunity to consider 
the manner in which the properties of systems change 
as the various atomic parameters change over a broad 
range—the kind of range which is available if all the 
elements (the entire periodic system) are brought 
into consideration; in other words, he must have the 
opportunity to study modern inorganic chemistry at 
an intellectually sophisticated level. 

Let us consider a few examples of important theoret- 
ical concepts which require, for broad understanding, 
a proper training in inorganic chemistry, and which 
can best be taught within the context of such a course. 


Relationship of Properties to Bond Type and Structure 


This is the most fundamental topic of modern chem- 
istry. It requires a knowledge of atomic structure 
(particularly electronic configurations) and a knowledge 
of the variation of such properties as ionic and atomic 
radii, ionization energy, electronegativity, and electron 
affinity with changes in atomic structure. This can 
be learned most effectively from a study of the periodic 
system as a whole. 

It is desirable, furthermore, that the student have 
a broad understanding of interatomic forces, including 
not only ordinary ionic and simple covalent bonds but 
also various delocalized bonds such as metallic bonds, 
three-center bonds, and other more esoteric varieties. 
The student should also know the conditions under 
which each type of bond is to be expected and, further, 
the kinds of properties which are associated with 
each type of bonding. It is in the study of inorganic 
chemistry that a broad treatment of this topic can 
most efficiently and naturally be presented. 


Multiple Bonding 


It might be considered that the concept of multiple 
bonds could be adequately treated in terms of the 
content of organic chemistry and would not require 
the broader treatment available when all the elements 
are considered. However, although the study of 
carbon compounds contributes much to our under- 
standing, it is only when we expand our field that 
the real significance of multiple bonding appears. 
Why, for example, does silicon dioxide have such 
different physical properties from those of carbon 
dioxide? Why are the ketones monomeric, whereas the 
silicones polymerize? Why does elemental nitrogen 
form very inert N: molecules, whereas phosphorus 
and arsenic form the much more reactive P, and As, 
molecules? The answers to these and other such 
questions lie in the fact that pi bonding involving 
p-orbitals occurs much more readily with first-row 
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elements than with other elements in the perioidic 
system. On the other hand, many phenomena in- 
volving second and lower row elements may be ex- 
plained in terms of pi bonding involving d-orbiti|s, 
For example, after having been given the fairly comnion 
but too superficial explanation that the difference in 
polymerization properties of silicones and ketones 
results from the lack of ability of silicon to form 
double bonds, the chemist encounters the experimental 
fact that whereas trimethylamine is a basic, pyramidal 
molecule, trisilylamine is an almost non-basic, plauar 
molecule. He then learns that silicon does form pi 
bonds but that these pi bonds utilize d-orbitals of the 
silicon atom and thus do not reduce its covalence jor 
destroy its tetrahedral configuration. The nitrogen 
atom in trisilylamine, however, goes over to sp? hy- 
bridization and becomes planar. This is not an 
isolated example. It is in the study of the phenomenon 
of multiple-bond formation against the broad _back- 
ground of inorganic chemistry that the chemist be- 
comes aware of the many parameters which are relevant 
to this phenomenon. 


Molecular Addition Compounds—Coordination Theory 


One of the most interesting developments in chem- 
istry during the past half-century has been the dis- 
covery of the great role played by molecular addition 
compounds and by metal ion-coordination complexes 
in chemical phenomena, and of the development of 
coordination theory and the Lewis acid-base theory 
to explain these phenomena. Whereas many examples 
of molecular addition compounds can be found in the 
realm of organic chemistry, they cover a relatively 
narrow field as compared to those found in the chem- 
istry of such inorganic substances as chromium(VI) 
oxide, sulfur trioxide, dinitrogen tetroxide, tin tetra- 
chloride, boron trifluoride, aluminum chloride, and 
many others. The field of metal-coordination com- 
plexes is, of course, almost entirely within the scope 
of inorganic chemistry. Principles learned in the 
comparative chemistries of analogous nitrogen and 
phosphorus molecular addition compounds and the 
contrasting behavior of analogous silicon and carbon 
compounds toward electron donors have been of 
much significance in various areas of organic chemistry. 


Stereoisomerism 


The study of stereoisomerism has been so completely 
associated in our undergraduate curriculum with the 
field of organic chemistry that many of our students 
would answer as a student I heard once, who, when 
asked what optical isomers are replied that they are 
“isomeric forms of compounds containing asymmetric 
carbon atoms.” A similar limited outlook is often 
found among our students with respect to geometric or 
cis-trans isomerism. Yet the field of stereoisomerism 
may be approached in a much more general and more 
logical way when metal complexes, and compounis of 
phosphorus, beryllium, boron, sulfur, silicon, tin, and 
nitrogen, are considered along with carbon compounds. 
Such an approach leads to a much greater variciy of 
examples as well as to a broader understanding o/ the 
principles of stereoisomerism than can readily be 
achieved through the study of organic chemistry «one. 
The stereoisomeric possibilities of the octahedral chlate 
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complexes are considerably more varied than those of 
the tetrahedral carbon atom and add much insight to 
the study of isomerism as related to molecular sym- 


metry. 
Acid-Base Theory 

{f the student is limited to systems normally con- 
sidered in organic chemistry, his understanding of the 
broader concepts of acidity and basicity will be severely 
limited. The study of chemistry in such solvents as 
hydrogen fluoride, ammonia, dinitrogen tetroxide, 
anhydrous sulfuric acid, liquid sulfur dioxide; the 
study of fused salt systems; and the study of high- 
temperature interactions in refractory oxide systems 
all make a major contribution in this area, and these 
topics are generally covered principally in inorganic 
chemistry. 

A very large number of organic reactions proceed by 
acid-base type mechanisms which require that the in- 
formed organic chemist possess a rather high degree of 
sophistication in the use of the Brgnsted-Lowry and the 
Lewis concepts of acidity and basicity. Examples 
include Friedel-Craft reactions, nitrations of aromatic 
compounds in nitromethane, halogenation of double 
bonds, Grignard reactions, hydration of olefins, Clais- 
sen condensations, and many others. 

The above topics are only a few examples. To these 
examples of concepts to which the study of inorganic 
chemistry is especially valuable we might add many 
others such as electrochemical processes, oxidation 
potentials, the concept of resonance, and magnetic 
properties of substances. 


Source of Essential Factual Information 


Apart from the usefulness of inorganic chemistry as 
the most efficient milieu for teaching modern theoreti- 
cal concepts, the need for training in inorganic chemis- 
try as a means of providing essential working infor- 
mation to support present day research in the various 
fields of chemistry needs emphasis. 

Consider, for example, the tremendous amount of 
work being done in the areas of boron, silicon, and 
phosphorus-organic compounds, not to mention the 
strong research effort being directed toward developing 
the field of metal-organics. The weakness in back- 
ground in inorganic chemistry of many organic chemists 
working in this area is well illustrated by the rather 
trivial error, in itself, of considering boron, silicon, and 
phosphorus alkyls as metalloorganic compounds. A 
thorough knowledge of the periodic system as it is 
related to atomic structure would prevent such mis- 
conceptions and would, without doubt, accelerate re- 
search progress in this field. 

The past few years have seen the addition of many 
new reagents and solvents to the arsenal of the synthetic 
organic chemist. A surprisingly large number of these 
hew reagents and solvents are inorganic compounds 
and have been developed by inorganic chemists. 
Examples include the phosphotungstates, the alkyl 
borohydrides and the alkyl aluminum hydrides, nitryl 
chloride, the N,O,—BF; complex, and dinitrogen te- 
troxide, as well as the many metal and non-metal fluor- 
ides being used in fluorine organic chemistry. 

Broader training in modern inorganic chemistry is 
also demanded as a result of developments in the area 


of nuclear science. Nuclear power development de- 
mands new metals such as zirconium and hafnium. 
Atomic fission-product separation and the utilization 
of radioisotopes in widely diverse applied and theoretical 
researches require a detailed knowledge of the chemis- 
tries of elements which were only laboratory curiosities 
a few years ago. The effects of high-intensity radia- 
tion on structural materials have also placed a premium 
on knowledge of the properties of metals and other 
solids. 

Interest in new metals such as titanium and ger- 
manium has also served to increase the need for chemists 
with inorganic training. 

The development of jet and rocket engines for 
military and, more recently, civil aviation has pro- 
vided a tremendous stimulus to the search for materials 
which retain their strength at elevated temperatures. 
Associated with the trends toward higher and higher 
operating temperatures for these engines is the search 
for high-temperature lubricants and for materials 
which will be stable at high temperatures and yet will 
be flexible. Most striking, however, has been the 
tremendous impact on chemistry of developments in 
the rocket-missile-satellite program. Here the chem- 
ist is under pressure to produce fuels of higher and 
higher energies. The need for higher and higher 
specific impulses and the fact that relatively small 
increases in specific impulse make possible a tremendous 
increase in range of a rocket-launched missile lead to 
the consideration of some very unusual and rather 
bizarre systems as possible fuels and oxidizers. Major 
areas of study in this field rest largely on inorganic 
chemistry. Hydrazines, hydroborons, oxides of nitro- 
gen, perchlory] fluoride, and other fluorine compounds— 
all these and many others are now very “practical” 
considerations in rocket chemistry. 


Inorganic Chemistry Must Be Modern 


One may not, therefore, escape the conclusion that 
all chemists of today must be adequately trained in 
modern inorganic chemistry, but the word modern 
must receive strong emphasis. We cannot expect to 
fulfill this need with old-fashioned, principally de- 
scriptive, courses in inorganic chemistry, the dullness of 
which was, as a matter of fact, largely responsible 
for the near-demise of inorganic chemistry in our 
colleges only a few decades ago. Our courses must 
be systematic, i.e., must show systematic correlation 
of fact with theory so that the student will see in the 


‘subject matter of inorganic chemistry a broad demon- 


stration and exemplification of the principles of the- 
oretical chemistry. By applying these principles, the 
properly trained inorganic chemist will be able to use 
the rich and varied resources of the periodic system to 
develop new ideas and to synthesize new substances 
to meet many of the scientific demands of our day. 


A Suggested Program 


There is, of course a variety of programs which will 
heip to achieve this objective. The program followed 
for professional chemistry majors at the University of 
Florida includes in the senior year (after the standard 
physical chemistry course in the junior year) one 
semester of theoretical chemistry and one semester of 
systematic inorganic chemistry, including three to six 
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hours per week of inorganic laboratory work. All 
beginning graduate students are required to take one 
semester of introduction to modern theoretical chem- 
istry followed by an intensive one-semester course in 
structural inorganic chemistry. This is then followed, 
for those who desire further work or who will specialize 
in inorganic chemistry, by a one-year course in sys- 
tematic (by periodic families) inorganic chemistry at a 
highly sophisticated level. In addition, one semester 
of advanced inorganic laboratory work and various 
special-topics seminars are offered. 

In order to illustrate the type of training toward 
which we are striving, the following outline of the 
course in structural inorganic chemistry which is 
given to all graduate students at the University of 
Florida is included: 


Review of Atomic Structure 
Quantum numbers an j orbitals as related to the wave nature of 
matter. 
Electronic configurations of the elements. The penetration 
effect. The “building-up’’ principle. 
Variation in atomic parameters with position in the periodic 
system. Relation of these parameters to bond type, acidity 
and basicity, complex formation, coordination number, and 
similar topics. 
Bonding Forces Between Atoms 
The covalent bond 
The valence bond treatment—Review. 
Molecular orbital treatment. o and x bonding. 
Comparison of “valence-bond’’ and ‘molecular orbital’’ 
methods. 
The ionic bond 
Summary of various types of crystalline solids—ionic, molec- 
ular, atomic, and metallic. 
Derivation of equation for the lattice energy of an ionic crys- 
tal. The Madelung constant. 
Ionic radii—derivation and applications. 
Some simple ionic structures. 
Structural principles in complex ionic crystals. 
A chart of crystal types based on internal packing. 
Metallic crystals 
Nature of the metallic state. The fundamental theoretical 
problem. 
Bloch’s molecular oribital method. 
Pauling’s atomic orbital method. 
Comparison of Bloch and Pauling methods. 
Intermetallic systems. 
Interstitial compounds. The refractory carbides, borides, and 
nitrides. 
Non-stoichiometric phases. 
Complex Compounds 
Survey of the phenomena of complex formation. 
Experimental methods for studying complex compounds. 
The nature of bonding in complex compounds. 
The valence-bond approach. 
Molecular orbital theory of complexes. 
The electrostatic theory of coordination a ate as modi-. 
fied by crystal field theory. 
Comparison of the three approaches. 
Stereochemistry of complex compounds. Isomerism. 
Applications of the theory of complex formation to the under- 
standing of a variety of reactions. 
Molecular addition compounds. 


It is with this background that graduate students 
specializing in inorganic chemistry begin a one-year 
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study of the chemistry of the elements based upon thie 
periodic system and using the most modern structural 
concepts for the understanding and correlation of 
experimental information. 


Literature 


Because of the relative scarcity of textual materi:(ls 
in the field of modern inorganic chemistry, it will 
perhaps be of interest to briefly indicate the princi)al 
reference materials for the structural inorganic course 
outlined above. These are as follows: 


Major textual references: 


“Structural Inorganic Chemistry’’—Wells, 2nd edition. his 
is an excellent survey of the structures of the principal inor- 
ganic solids with particular emphasis on the hydrides, halices, 

' oxides, sulfides, nitrides, and phosphides. 

“Valence’’—Coulson. A modern treatment of chemical bonding 
of intermediate difficulty. Suitable for advanced undergradu- 
ate and graduate students. 

“Valency and Molecular Structure’’—Cartmell & Fowles. A 
treatment of modern concepts of chemical bonding. Contains 
an excellent qualitative introduction to the molecular orbital 
concept and also some very interesting structural problems in 
the various families of the periodic system. 

“Modern Aspects of Inorganic Chemistry’’—Emeleus and Ander- 
son. 2nd edition. A treatment of several special topics in 
inorganic chemistry. The treatment of intermetallic phases 
and non-stoichiometric compounds is particularly useful. 

“Mechanism of Inorganic Reactions’’—Basolo and Pearson. 
The chapter on the Theory of the Coordinate Bond is the 
newest and most comprehensive now available. The critique 
of the several approaches to the nature of the coordinate link 
is outstanding. 

“Inorganic Chemistry’’—Moeller. An excellent single-volume 
text in inorganic chemistry. 

“Chemistry of Coordination Compounds’’—Bailar. A_ rich 
source of information concerning complex compounds. 


Additional selected references: 


“Chemical Constitution’’—Ketelaar. 

“Treatise on Inorganic Chemistry,’’ vols. I & II—Remy. 

“Textbook of Inorganic Chemistry,’ vols. I & II—Sidgwick. 

“Oxidation Potentials’’—Latimer. 

“Electronic Structure & Chemical Binding’’—Rice. 

“Chemistry of Metal Chelate Compounds’’—Martell & Calvin. 

“Chemistry of the Actinide Elements’’-—-Katz & Seaborg. 

“Quelques Problems de Chimie Minérale’’—Institut Interna- 
tional de Chimie Solvay.—R. Stoaps, 1956. 

“Colloquium of the Section for Inorganic Chemistry’’-IUPAC 
Meeting, 1954. 


Journals: 


There are, of course, many journals which contain 


articles of interest to the inorganic chemist. We have, 
however, found that in addition to the Journal of the 
American Chemical Society, the following journals are 
particularly desirable: 


Journal of the Chemical Society. 

Journal of Inorganic and Nuclear Chemistry. 
Zeitschrift fiir anorganische und allgemeine Chemie. 
Quarterly Reviews. 

Chemical Reviews. 

Journal of Chemical Education. 
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L. A. Goldblatt 
Southern Regional 
Research Laboratory,! 
New Orleans, Louisiana 


Man; industries have at various times 
laid claim to the distinction of being the first to be estab- 
lished on this continent or in what is now the con- 
tinental United States. These claims are usually based 
on more or less vague allusions in early chronicles and 
are shrouded in anonymity. It appears, however, that 
the title of the first chemical technologist of the New 
World may well be conferred upon Don Dorotheo 
Theodoro, member of the ill-fated Narvaez expedition 
of 1527. 

Prominent among the claimants for the “first in- 
dustry” is the Naval Stores Industry. The importance 
which early explorers and settlers attached to the pro- 
duction of naval stores lends credence to such a claim. 
Ship captains repeatedly emphasized the potentiali- 
ties of the New World as a source of naval stores. 
Pitch and tar were used to calk the seams between the 
planks of their wooden ships and to waterproof and 
preserve the cordage and rigging. These products 
were literally of vital importance not only to the mari- 
ners, but to the maritime nations. Pitch and tar were 
carried as part of the regular ship supplies, were stocked 
in every seaport, and were known as “naval stores.” 

“Naval Stores” were obtained by the incomplete com- 
bustion (carbonization) of the wood of conifers or 
from the oleoresinous exudate of wounded pines. The 
oleoresinous exudate was formerly called crude tur- 
pentine, or simply turpentine. Today the latter term 
is reserved for only the volatile portion of the exudate, 
the portion formerly known as “spirits” or “spirits of 
turpentine.” Products obtained from the exudate of 
pines are today still called naval stores even though 
pitch and tar comprise only a small proportion of these 
products and their connection with ships is of very 
minor importance. 


Naval Stores in Novia Scotia (1606) 


Ostrom (4) in his “History of the Gum Naval Stores 
Industry” states, “Early American naval stores opera- 
tions began in Nova Scotia in 1606, in Virginia in 1608, 
and in New England shortly after 1620.” This succinct 
summary is doubtless derived from more detailed ac- 
counts in Gamble’s ‘“‘Naval Stores History” (1), to 
which suitable reference is made but which is now out of 
print and not readily available. Some amplification 
of this brief summary would seem appropriate. 

Gamble states, 


In 1608 eight Dutchmen and Poles were dispatched to Virginia 
who were to be employed in the manufacture of glass, pitch, tar, 
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soap, etc. When Captain Newport returned to England in te 
same year, he brought back, as part of his cargo, the accumulation 
of these commodities which had been provided him.... This 
was the first naval stores shipped from what is now the United 
States to England, as far as is known. 


Gamble acknowledges that two years earlier (i.e., in 
1606) the French at Port Royal had “extracted tur- 
pentine from the sluggish veins of the Nova Scotia 
pine,” and states 


The French, in probably an amateurish and certainly in a 
petty way, began what was probably the first naval stores oper- 
ations in America. Thoreau, that quaint Yankee philosopher 
who had such a keen observing eye for nature and a vastly re- 
tentive memory for all sorts of information gathered from books, 
tells us in his work on “The Maine Woods’”’ that “when the Pil- 
grim Fathers were spending their first winter in the New World 
(1620-21), the French were no further off than Port Royal 
[Annapolis, N. S.] three hundred miles to the north, where in 
spite of many vicissitudes they had been for fifteen years.’’ They 
had built a grist mill and as early as 1606 were making turpentine 
as Williamson stated in his ‘History of Maine.” 


Gamble cautiously observes, 


This may be regarded, in the absence of any more definite in- 
formation, as establishing the first date at which the American 
pine gave up its gum for the use of man. 


Gamble’s caution was warranted since, as will be seen, 
a distinctly earlier date can be set for such an operation. 
Gamble observes further, 


What uses those Frenchmen in that lonely settlement put it to 
one cannot say. It is rather improbable that they produced 
sufficient to ship to the home country. Even back there it had 
its medicinal values. 


Parkman, in his “Pioneers of France in the New 
World”’ (5) supplies the answer to Gamble’s speculations. 
Thus he states (p. 276 pertaining to the year 1606), 

Poutrincourt [Baron de Poutrincourt | forgot the prejudices of 
his noble birth and went himself into the woods to gather turpen- 
tine from the pines, which he converted into tar by a process of 
his own invention. 


Thus it appears that the “turpentine” referred to by 
Thoreau was in reality the crude turpentine or oleoresin 
and, as Gamble correctly inferred, they did not pro- 
duce “sufficient to ship to the home country.” Park- 
man refers to still earlier production by the French of 
what would be called naval stores. Thus he reports 
(p. 45) that in 1563 the colonists at Port Royal built a 
brigantine and notes, 


They calked the seams with the long moss which hung in pro- 
fusion from the neighboring trees; the pines supplied them with 
pitch. 

Naval Stores in Florida (1528) 

However, it appears that a still earlier date can be 

set for the production of naval stores in what is now the 
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continental United States. The occasion was the pro- 
duction of pitch or tar used in the construction of five 
crude boats on the shores of Apalachicola Bay, on the 
Gulf Coast of Florida, in 1528. The story is told by 
Cabeza de Vaca (literally, the head of a cow), treasurer 
of the Narvaez expedition arid first European to trav- 
erse the North American Continent. 

A translation of ‘The Narrative of Alvar Nunez 
Cabeza de Vaca” which was printed at Valladolid, 
Spain, in 1555, was prepared by Buckingham Smith and 
published privately in Washington, D. C., in 1851 (2). 
Another translation (3), by Fanny Bandelier, was pub- 
lished in 1905 under the title, “The Journey of Alvar 
Nunez Cabeza de Vaca and his Companions from 
Florida to the Pacific 1528-1536.’’? 

Fortunately, de Vaca “took care and diligence . . . 
to keep a particular remembrance of everything.’ 
Lost and separated from the ships which took them from 
Spain, the company undertook to build ‘some craft 
in which to leave the land” [Florida]. Despite the lack 
of tools and materials, and although as he states 


None of us knew how to construct ships . . . we proceeded with 
so great diligence that on the twentieth day of September [1528, 
they started on August 4] five boats were finished of twenty-two 
cubits [thirty-three feet] in length, each calked with the fiber of 
the palmetto. We pitched them with a certain resin which was 
made from pine trees by a Greek named Don Theodoro; and from 
the same husk of the palmettos, and from the tails and manes of 
the horses, we made ropes and rigging, and from our shirts, sails. 
We flayed the horses, and took off the skins of their legs entire, 
and tanned them to make bottles in which we might carry water. 


Perhaps the tanning industry can now lay claim to 
being the second, after naval stores, to have begun in 
what is now the continental United States. 

The name of Don Theodoro appears twice more in 
history. De Vaca reports that the fleet of five boats 


? In addition to the two translations, five paraphrases have been 
published. The latest of these, “Alva Nunez Cabeza de Vaca. 
The Journey and Route of the First European to Cross the Con- 
tinent of North America. 1534-1535,’’ by Cleve Hallenbeck, was 
published by Arthur H. Clark Co., Glendale, Calif., in 1940 (326 
pp.). A second edition of Smith’s translation, edited by J. G. 
Shea, appeared in 1871. Hallenbeck states, ‘This translation 
has been republished with notes by Hodge in Spanish Explorers 
in the Southern United States (1907), and was again reprinted, 
unedited, in 1929.” De Vaca’s Narrative is considered of im- 
portance in stimulating Spanish interest in the unknown lands 
to the north and was the direct cause of several Spanish expedi- 
tions. 

3 All direct quotations of the Narrative are from the translation 
by Buckingham Smith. 


left on September 22 and after various misadventires 
as a result of which they “were brought to the last 
extremity of want” they arrived at anestuary. There. 
Dorotheo Theodoro chose to go inland with some Indians 
whom they met rather than continue with the company 
at sea. Finally, in 1540, some 12 years later, y hen 
Hernando deSoto came to the town of Mauvila (near 
what is now Mobile, Alabama) he found that Don Theo- 
doro had been there and was shown a dagger that he 
had worn. 

Thus, we have the full name of the man who may be 
the first chemical technologist of the New World. He 
was a Greek Christian, Don Dorotheo Theodore by 
name, who made pitch from pines. He sailed from 
Spain with the Narvaez expedition in 1527. Separated 
from the ships that brought them to Florida, to pitch 
crude boats built in the summer of 1528 near Apalachi- 
cola, he made “a certain resin” from pine trees. Fora 
month he and his companions floundered westward in 
these overloaded boats, beset by storms and tortured by 
extreme thirst, as the leather bottles they made to hold 
water soon rotted. Then, somewhere between what are 
now Panama City and Mobile, Don Theodoro aban- 
doned the expedition, choosing to live among the natives 
in preference to continuing at sea, and disappeared 
from white man’seyes. But not without trace. There 
is evidence that he escaped from the Florida swamps and 
traveled inland. Perhaps, after all his misadventures 
with the Narvaez expedition he found his promised 
land and ended his days, as Buckingham Smith sug- 
gests, one of the first European buffalo hunters. 
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Toaay most chemists, regardless of 
their field of specialization, are acquainted with the 
nature and importance of the work of Alfred Werner. 
Indeed, practically every freshman chemistry student 
is now introduced to at least the essentials of his coor- 
dination theory. Yet, except for those who have had 
occasion to delve into the study of complex compounds, 
the name of Sophus Mads J¢rgensen remains entirely 
unknown. 

Few realize that Werner’s new and revolutionary 
theory was based upon experimental data carefully and 
painstakingly accumulated over a number of years by 
Sophus Mads J¢rgensen, professor of Chemistry at the 
University in Copenhagen (1871-1908). It is perhaps 
not an exaggeration to say that Werner’s theory might 
never have been propounded had not Jérgensen’s work 
provided the observations requiring explanation. 

Except for some early isolated research, Jérgensen 
devoted himself exclusively to investigating the coor- 
dination compounds of cobalt, chromium, rhodium, 
and platinum, and this work, upon which his fame 
rests, forms an interconnected and continuous chain 
from 1878 to 1906. His interpretations of the luteo, 
purpureo, roseo, praseo, violeo, croceo, flavo, and other 
series of complex salts were made in the light of his 
extensions and modifications of the famous chain 
theory (1, 2) proposed by the Swedish chemist, Chris- 
tian Wilhelm Blomstrand (1826-1897). 

Jgrgensen’s views remained essentially unchallenged 
until 1891 when the twenty-six-year-old Werner 
published his ‘‘Beitrége zur Theorie der Affinitét und 
Valenz.” The subsequent controversy between the 
two men forms an exciting chapter in the history of 
chemistry and still serves today as a fine example of an 
ideal scientific discussion. 

Yet, despite the obvious importance of Jérgensen’s 
work, no biographical data are available in English 
with the exception of a short eulogy by one of his most 
distinguished students, Niels Bjerrum (3). It is with 
a view to filling this gap in the literature of the history 
of chemistry that this paper is written. The biograph- 
a details are taken largely from three Danish articles 

, 5, 6). 


Presented in part before the Division of the History of Chemistry 
of the American Chemical Society at the 133rd National Meeting, 
San Francisco, California, April, 1958. 


Pacific Southwest Association of Chemistry Teachers 


Sophus Mads Jorgensen (1837-1914) 


A chapter in coordination chemistry history 


Biography 
Sophus Mads Jgrgensen was born in Slagelse, 


Denmark, on July 4, 1837. His early schooling was 
obtained at Slagelse and later at the Sorg Velvillie. 
At this academy, his interest in chemistry was awakened 
by F. Johnstrup. This dedicated teacher allowed the 
older students to work in his own private laboratory 
on Sundays, and Jgrgensen eagerly availed himself of 
the opportunity. 

After his graduation in 1857, Jérgensen entered the 
University at Copenhagen and in 1869 received his 
doctorate with the dissertation ‘Overjodider af Alka- 
loiderne” (Polyiodides of Alkaloids). In 1871 he 
became Lektor at the University and in 1887, Profes- 
sor of Chemistry, a position which he held until 1908, 
the year of his retirement. He died on April 1, 1914. 

During his 41 years of teaching, Jérgensen exerted a 
profound influence on a whole generation of Danish 
chemists and may even be said to have founded a 
school. Such outstanding men as O. T. Christensen, 
E. Koefoed, Niels Bjerrum, and S. P. L. S¢rensen 
initiated their research careers under his direction. 

J¢érgensen always preferred facts t » bold hypotheses, 
and his controversy with Werner clearly reflects this 
attitude. Niels Bjerrum (3) relates how Jgrgensen 
reminded advanced students that although the atomic 
theory was a useful concept for correlating and ex- 
plaining a large number of experimental facts, they 
ought not to think of atoms as actual objects. 

Although not actually eloquent, J¢rgensen could 
completely absorb his audience’s attention when a 
subject caught his interest. For example, his lectures 
on Lavoisier’s life and work made a profound impres- 
sion on-his students. In his teaching, he consistently 
managed to convey to them not only a clear under- 
standing of chemistry, but also a love and respect for 
the science. 

Through his textbooks, Jérgensen was able to extend 
his teaching influence far beyond the select circle of his 
own students. These works reflect the same charac- 
teristic thoroughness that he expended in his laboratory 
investigations. Probably his most famous text is 
“Kemiens Grundbegreben” (Fundamentals of Chem- 
istry), published in 1902. In less than 200 pages, 
Jérgensen gives not only a summary of the basic 
concepts of chemistry, but also a survey of its historical 
development. This little classic has been translated 
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Sophus Mads Jorgensen (1837-1914), professor of chemistry in Copen- 
hagen (1871=1908). (‘Proceedings of the Symposium on Co-ordination 
Chemistry, Copenhagen, Aug. 9—13, 1953,’’ Danish Chemical Society, 
Copenhagen, 1954, p. 1 4.) 


into several languages, among them German (1903), 
Italian (1904), Greek (1904), and English (1908). 

As a research worker, Jérgensen was methodical, 
deliberate, and careful. Although he could have dele- 
gated much routine work to assistants, he insisted on 
personally performing all his analyses. In view of his 
passion for perfection, his output was tremendous, and 
we are indebted to him for many of the basic experi- 
mental facts of coordination chemistry. 

In contrast, Werner was a rapid worker who preferred 
qualitative tests using porcelain plates and watch 
glasses to more conventional quantitative methods. 
Niels Bjerrum recalls the following incident typical of 
Werner’s impulsive temperament. When Arthur 
Hantzsch, Werner’s professor, asked him, on short 
notice, for a paper describing the coordination theory, 
Werner entered a room with a box full of cigars and 
did not leave until the paper was written and the cigar 
box empty (3). 

Like many famous chemists, Jérgensen was not 
content merely to make original contributions in the 
laboratory, but was also keenly interested in the his- 
torical development of chemistry, especially in Den- 
mark. His studies in this field are characterized by 
the same enthusiasm and thorough workmanship 
shown in his laboratory investigations. Unfortunately, 
few of these studies have been published. 

Jgrgensen’s strong sense of history caused him to 
view Werner’s new theory as an unwarranted break in 
the development of the theories of chemical structure. 
He regarded it as an ad hoc explanation insufficiently 
supported by experimental evidence. 

Although unjustly neglected today, Jgrgensen’s 
work aroused great interest among his contemporaries. 
In 1906 the French Académie des sciences presented 
him with its Lavoisier medal. Early in 1907 Henri 
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Moissan, the Nobel prize laureate in chemistry for that 
year, drafted a proposition to the Nobel commitiee 
nominating Jgrgensen for the next prize in chemistry. 
Unfortunately, Moissan died later that year, and the 
proposition was never submitted. 


Nineteenth Century Chemical Confusion 


In order to appreciate adequately the magnitude of 
both Jgrgensen’s and Werner’s achievements, we 
must take into account the confused state of affairs in 
which chemistry floundered during most of the nine- 
teenth century. Various rival systems of chemistry 
flourished. ¢ The dualistic theory of Berzelius, which 
hitherto had been quite successful in the formulation 
of inorganic compounds, was falling into disrepute as a 
result cf the inroads of the new organic chemistry. 
No clear distinction was made between equivalent, 
atomic, and molecular weights. It was only in 1858 
that Cannizzaro’s revival of Avogadro’s hypothesis 
marked the beginnings of a consistent atomic weight 
scale. When Cannizzaro spoke at Karlsruhe, Svante 
Arrhenius had not yet been born. Indeed, years of 
proselytizing by Arrhenius, van’t Hoff, and Ostwald 
were to be necessary before the electrolytic dissociation 
theory was finally accepted by the scientific world. 
Thus, Werner’s view of the two types of linkage, 
ionizable and non-ionizable, did much to clarify ideas 
of chemical bonding a generation before the views of 
Kossel and Lewis (1916) led to our present concepts of 
ionic and covalent bonding. 

Today any chemist familiar with modern orbital 
theory knows that nitrogen can form at most only four 
bonds. Armed with such knowledge, he might scoff 
at the apparent naiveté of Blomstrand and J¢rgensen 
whose structural formulas involved chains of ammonia 
molecules containing quinquevalent nitrogen. Our 
hindsight is always much better than our foresight. 
To view the works of great men of the past in the light 
of modern knowledge is perhaps to belittle their 
achievements. Thus, in evaluating the work of 
Jgrgensen and Werner, we must preserve a sense of 
historical perspective. 

Werner’s coordination theory is familiar to most 
chemists and need not be elaborated here. However, 
since Jgrgensen’s interpretations were all based on the 
now obsolete Blomstrand chain theory (/, 2), a few 
remarks about this presently little known theory seem 
in order. 

Odling (7) had proposed that the hydrogen atoms in 
ammonia could be replaced by metal atoms just as 
they were replaced by organic radicals in forming 
amines. As an extension of this idea, Blomstrand 
suggested that these ammonia molecules could ink 
together as —_NH;— chains, analogous to —CH.— 
chains in hydrocarbons. 

The number of ammonia molecules associated with 
the metal, i.e., the length of the chain, depended upon 
the metal and its valence. This point was later :\c- 
counted for more adequately by Werner’s concept of 
the coordination number. Blomstrand also made })'0- 
vision for different reactivities of various atoms «nd 
groups. Thus, halogen which could be precipita‘ed 
by silver nitrate was called “farther,” while that which 
could not was called ‘“nearer,”’ a close approximation 
of Werner’s later concept of outer and inner sphere~. 
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Jorgensen’s Work ° 


Although Jg¢rgensen created no new structural theory 
of his own, he logically and consistently extended and 
modified Blomstrand’s chain theory to interpret the 
many new series of complex compounds which he had 
succeeded in preparing for the first time. Just as 
astronomers tried to force an explanation for the mo- 
tion of the planets in terms of the Ptolemaic theory by 
postulating more and more complicated epicycles, so 
Jorgensen, in his attempts to account for his newly 
prepared compounds from a unified theoretical point of 
view, strained the theory of his mentor Blomstrand to 
the breaking point. In 1891 the Copernican figure of 
Alfred Werner appeared on the scene to challenge the 
old system with a radically new theory based, by 
Werner’s own admission, upon the sturdy foundation of 
Jgrgensen’s painstaking experimental investigations. 
Indeed, Jg@rgensen’s work bore the seeds of the Blom- 
strand-Jgrgensen theory’s destruction, for many of the 
compounds first prepared by him later proved instru- 
mental in demonstrating the validity of Werner’s 
views. One is tempted to compare this situation with 
Priestley’s discovery of oxygen, which led to Lavoisier’s 
classic experiments on the nature of combustion and to 
the subsequent collapse of the Phlogiston theory. 
However, unlike Priestley, who staunchly defended this 
theory until his death, Jgrgensen finally became con- 
vinced of the correctness of Werner’s theory and 
graciously acknowledged its worth. 

Jgrgensen’s research can be divided into seven groups. 
The first (1866-1878) includes a few isolated papers and 
his work on alkaloid polyiodides, while the other six 
(1878-1906) constitute the work for which he was 
famous—his investigations of metal-ammine complexes. 
These studies, entitled ‘“Beitrige zur Chemie der 
Kobaltammoniakverbindungen” (eight papers), ‘Bei- 
trige zur Chemie der Chromammoniakverbindungen” 
(ten papers), “Beitrige zur Chemie der Rhodiumam- 
moniakverbindungen” (nine papers), “Uber Metall- 
diaminverbindungen” (seven papers), “Zur Konstitu- 
tion der Platinbasen”’ (four papers), and “Zur Konsti- 
tution der Kobalt-, Chrom-, und Rhodiumbasen” 
(eleven papers) appeared in various publications of the 
Videnskabernes Selskab, then in the Journal fir prak- 
tische Chemie, and after 1892 in the newly founded 
Zeitschrift fir anorganische Chemie. Indeed, the for- 
tunate subscriber to this new periodical had a ringside 
seat for the battle between Jgrgensen and Werner. 

In the following comparison between J¢rgensen’s 
work and that of Werner, we shall concentrate on 
octahedral hexacovalent ammines of cobalt(III).' 
The survey is organized on the basis of compound type, 
rather than in strict chronological sequence. First to 
be considered is type MAg in which the coordination 
number of the central metal atom is satisfied by six 
ammonia molecules. We shall then proceed to replace 
the ammonia molecules one at a time with other groups, 
giving one example from each type.? 


_' Chapter 2 of J. C. Bailar’s “The Chemistry of the Coordina- 
tion Compounds,” Reinhold Publishing Corp., New York, 1956, 
has ‘een a valuable source of information in the preparation of 
this discussion. 

*For a fuller discussion of Jgrgensen’s life and work, see 

Kavrrman, G. B., Chymia, 6 (1960). 


Type MA,.—Herammines (Luteo Salts), 
[M(NH;)6]X3. During the first half of the nineteenth 
century, measurement of vapor density was the only 
method for determination of molecular weights. Until 
the classical studies of Raoult and van’t Hoff about 
1882 on colligative properties of solutions, no reliable 
method existed for the determination of molecular 
weights of non-volatile compounds. Thus, cobalt(III) 
chloride was thought to have the composition Co2Cls 
(by analogy with volatile FesCl), and hence cobalt 
ammines were considered dimers. J¢@rgensen: (8) in 
1890 and Petersen (9) in 1892 deduced evidence for 
monomeric molecular weights by freezing point and 
conductivity measurements of such solutions, and 
Blomstrand’s original formulas were halved. Thus, 
luteo cobaltic chloride, originally written CozCle-12N Hs, 
was henceforth written CoCl;-6NH;. The concept 
of octahedral configuration based on coordination 
number six was a fundamental postulate of Werner’s 
theory from its inception. It is possible that without 
J¢@rgensen’s halving of Blomstrand’s formulas, this 
theory might never have been conceived. 

Luteo cobaltic chloride was found to be a stable 
yellow-orange compound (1/0). In solution, all the 
chlorine is immediately precipitated by silver nitrate. 
Although ammonia is a base, treatment of luteo cobaltic 
chloride with hydrochloric acid at 100°C does not 
remove any ammonia. Furthermore, treatment of 
the solid with sulfuric acid does not remove any ammo- 
nia, but yields the compound Co,(SO,)3-12NHs, ie., 
the chlorine atoms are replaced by sulfate groups. 
Clearly, some sort of very stable metal-ammonia, but 
much less stable metal-chlorine bonding is indicated in 
luteo cobaltic chloride. Blomstrand proposed the 
symmetrical formula 

NH;—NH;—Cl 
NH;—NH;—Cl 
Co: NH;—NH;—Cl 
NH;—NH;—Cl 


NH;—NH;—Cl 
NH;—NH;—Cl 


On heating, however, one-sixth of the ammonia is 
lost, and only two-thirds of the chlorine in the resulting 
purpureo cobaltic chloride can now be precipitated by 
silver nitrate: 


A 
[Co(NHs)s]Cl; ——> [Co(NHs)sCl]Cl + NHs 


Removal of two ammonia molecules from Blomstrand’s 
formula for the luteo salt results in a structure which 
does not sufficiently account for the great difference 
between the two types of chlorine atoms in the purpureo 
salt. Therefore, Jgrgensen proposed the following 
symmetrical formula for the luteo salt 


NH;—Cl 
NH;—NH;—Cl 
Co: NH;—NH;—NH;—Cl 


postulating that halogen atoms which are bound to the 
metal atom through other groups such as ammonia can 
be precipitated by silver nitrate, while those bound 
directly to the metal atom cannot (//). Since he 
later regarded four as the maximum number of ammonia 
molecules that could enter into a chain and since he 
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NH;—NH;—Cl 


regarded such a chain as a particularly stable arrange- 
ment, J¢érgensen (12) subsequently modified this 
formula to 

NH;—Cl 

NH;—Cl 

Co. NH;—NH;—NH;—NH;—Cl 

NH;—NH;—NH;—NH;—Cl 
NH;—Cl 
NH;—Cl 


Henceforth, all his structural formulas will show this 
four-ammonia chain although his original proposals 
were slightly different. Both Jérgensen’s* and Wer- 


NH;—Cl 
Co—NH;—NH;—NH;—NH;—Cl 
\NH,—Cl 
Jgrgensen 
NH; +++ 
NH; NH; 
/ Co / 3cl- 
NH, | 
NH; 
Werner 


ner’s structures are compatible with the experimental 
observations but differ in that Jgrgensen regarded the 
chlorine atoms as attached to the metal atom through 
ammonia molecules, while Werner regarded them as 
ionic—‘‘at large,” so to speak—a concept considered 
quite revolutionary at that time. Werner also re- 
garded the central metal atom and the ammonia mole- 
cules as comprising a discrete unit, a complex cation. 
Such a structure should yield four ions in solution, 
and this was later confirmed by the conductivity 
studies of Werner and Miolati (13). 

Type MA;B—Pentammines  (Purpureo Salts), 
[M(NH;);X-"]Y3.. The term purpureo (purple) is 
derived from the color of purpureo cobaltic chloride, 
the substance with which Jg¢rgensen 
began his research on complexes. This compound is 
formed by heating luteo cobaltic chloride, 


A 
[Co(NHs)s] Cl, + NH; (10) 
>100° 


and thus purpureo salts were regarded by Jérgensen as 
luteo salts in which one-sixth of the ammonia had been 
replaced by halogen. The ammonia molecules are 
quite strongly bound to the cobalt atom in the purpureo 
salt as shown by the fact that ammonia is not evolved 
even on heating to 100°C. Furthermore, Jgrgensen 
showed that cold concentrated sulfuric acid did not 
react with the ammonia in the salt but yielded the com- 
pound [Co(NHs3)sCl]SO,, which, although it contained 
chlorine, gave no immediate precipitate with silver 
nitrate. He also found that only two-thirds of the 
chlorine in the original salt could be immediately pre- 
cipitated by silver nitrate, while the remaining third 
was precipitated only on long boiling (14). 

To account for this difference in reactivity, Jérgen- 
sen suggested, as did Werner after him, that the “unre- 
active” or “masked” chlorine was bound directly 


3 For simplicity, monomeric formulas will be used for the re- 
mainder of this discussion although they were not used by Jgr- 
gensen until 1890. 
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two investigators, 


Cl 
Co—NH;—NH;—N H;—NH;—Cl 
\NH,—Cl 
Jgrgensen 
Cl ++ 


Werner 


are both compatible with the experimental facts but 
differ again in the mode of attachment of the “reactive” 
chlorine atoms. J¢grgensen regarded these atoms as 
linked to the metal atom through ammonia molecules, 
while Werner considered them as not linked to any 
particular atom, but attracted to the complex cation 
as a whole by electrostatic forces. 

Werner explained the formation of the purpureo salt 
from the luteo salt by evolution of ammonia as a 
conversion of one of the three chlorine atoms from a 
primary (ionic) to a secondary (non-ionic) valency. 
The entrance of the negative chlorine into the complex 
cation lowers the charge of the latter by one, and the 
charge of the resulting complex cation is now two, 
rather than three. Jgrgensen criticized this interpre- 
tation, arguing that if a given negative group is coor- 
dinated to the central metal atom, it cannot simul- 
taneously satisfy one of the primary valencies of the 
metal (15), a point which Werner (16) later clarified. 
Werner’s structure requires that a solution of purpureo 
cobaltic chloride furnish three ions, a fact confirmed 
by the conductivity studies of Werner and Miolati (/3). 

Type MA,B.—Tetrammines. These compounds may 
be regarded as luteo salts in which one-third of the 
ammonia has been replaced by other groups. It is 
among such compounds that we first encounter the 
possibility of stereoisomerism. 

Cis- and trans- Dichlorobis(ethylenediamine) Salts 
(Violeo and Praseo Salts), 
The best known example of cis-trans isomerism among 
inorganic complexes was first observed by J¢@rgensen 
not among simple tetrammines, but among salts in 
which the four ammonia molecules have been replaced 
by two molecules of the bidentate organic base, ethyl- 
enediamine (17). He evaporated an aqueous solution 
of the green compound, praseo cobaltic chloride 
JCI, and obtained an isomeric 
violet compound which he called violeo cobaltic chlo- 
ride. Treatment of the violeo compound with hydro- 
chloric acid regenerates the original praseo compound. 
Two-thirds of the chlorine in these compoun’s is 
“masked” but becomes ionic in solution as a rest t of 
aquation (18). 

Jgrgensen also prepared other members of the seo 
(green) and violeo (violet) series as well as many 
ethylenediamine derivatives of platinum. He re- 
garded the difference in color as due to structura! is0- 
merism connected with the linking of the two ethy \ene- 
diamine molecules. Werner, on the other hand. be- 
lieved these compounds to be stereoisomers, i.¢., “oM- 
pounds with the same atoms and bonds but dificring 


to the metal atom. The structures proposed by thvse 
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oly in the orientation of these atoms and bonds in 
space: 


Cl CH, 
Co—NH.—NH.—NH.—NH.—Cl 
Cl C.H, 
Violeo 
Cl CH, 
NH:—N 
Cl 
Praseo 
Jgrgensen 


Violeo (cis; 1, 2) 


Cl + 
H, | NH, 
Co / Cl- 
\ / 


= , ™ 


Praseo (trans; 1, 6) 
Werner 


According to Werner, this isomerism was merely a 
geometric consequence of the octahedral structure and 
should be observed in compounds of type MA,B, 
which do not contain ethylenediamine. Thus, his 
theory would predict the existence of a series of violeo 
(cis-dichlorotetramminecobalt(III)) salts, [Co(NH3).- 
Cl,|Cl, isomeric with the corresponding praseo (trans) 
compounds. However, replacement of both nitro 
groups in flavo (cis-dinitrotetramminecobalt(III)) salts 
with chlorine using dilute hydrochloric acid always 
resulted in formation of the praseo (trans) compounds. 
Naturally, Jgrgensen, being a confirmed empiricist, 
criticized Werner’s theory on the ground that it implied 
the existence of such unknown series of compounds. 
The apparent non-existence of a violeo (cis-dichlorotet- 
ramminecobalt(III)) series, however, represented only 
a temporary victory for Jgrgensen since this series was 
finally discovered by Werner (19), who also subse- 
quently explained the formation of trans compounds 
from cis compounds by a theory of rearrangements (20). 
Werner further predicted that as a consequence of its 
asy nmetric octahedral structure, the violeo salt should 
exist in enantiomorphie forms. Cis-dichlorobis(ethyl- 
enediamine)cobalt(III) chloride was finally resolved 
into its optical antipodes by Werner (2/) in 1911 and 
later by Bailar and Auten (22). 

Type MA;B;—Triammines, [M(NH;)3X3]°. These 
conipounds may be regarded as luteo salts in which 
one-half of the ammonia has been replaced by other 
groups. This type of compound played a most prom- 
inet role in the supersession of the Blomstrand- 
agg chain theory by the Werner coordination 

eory. 


So far we have seen how J¢@rgensen’s and Werner’s 
formulations for metal-hexammines, pentammines, and 
tetrammines, both systems reasonably compatible with 
experimental facts, permitted two rival hypotheses to 


exist side by side for a limited time. However, the 
scientific mind feels uneasy at accepting two alternative 
explanations for a given group of phenomena, the coex- 
istence of the wave and corpuscular theories of light 
notwithstanding. As more experimental evidence ac- 
cumulated, the scales began to tip in favor of Werner’s 
theory. 

When successive ammonia molecules in a hexammine 
are replaced by negative groups such as chlorine atoms, 
these enter the coordination sphere and thus become 
non-ionic or “masked.”’ With the replacement of the 
first two ammonia molecules, the ionic character of the 
compounds as predicted by the two theories is in com- 
plete agreement, but with that of the third ammonia 
molecule, the ionic character of the resulting compounds 
differs radically according to the two theories: 


NH;—Cl 


\NH,—Cl Four Ions [Co(NH;)s]Cl; 
—NH, 
—NH, 
[Co(NH;);Cl) Cle 
| —NH; Three ions 
—NH, 
Co—Cl 
\NH;—NH,—NH;—NH;—Cl 
| —NH; Two Ions 
Cl —NH; 
Co—NH;—NH:—NH;—Cl Non- 
Ne Two 
ons 
Jergensen Werner 


J¢rgensen predicted that the chain of four ammonia 
molecules would merely be shortened by one and the 
resulting compound would be similar to the preceding 
one in forming two ions in solution, one of the chlorine 
atoms still remaining ionic. On the other hand, 
Werner (23) predicted an abrupt change in properties. 
The resulting compound should be a non-electrolyte 
soluble in non-polar solvents, and such solutions should 
not conduct an electric current. Werner pointed out 
that the properties of such compounds agreed with his 
theoretical predictions. J@rgensen (/2) protested that 
the very few triammine complexes of trivalent metals 
then known were too poorly characterized to allow any 
conclusions to be drawn. 

The classical conductivity studies of Werner and 
Miolati (73) on a wide variety of metal-ammine com- 
plexes agreed very well with Werner’s theory. The 
conductivities of compounds such as [Co(NHs)3(NOs2)s] 
were found to be extremely low, an indication of non- 
electrolytic character. Petersen (24) verified Werner 
and Miolati’s experiments but objected to their con- 
clusions in those cases where the conductivities corre- 
sponded to a greater number of ions than that predicted 
by the coordination theory. Werner explained these 
apparent discrepancies by aquation reactions such as 


{Co(NHs)3(NOz)2Cl] ° + 
+ Cl-. 
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However, measurements of compounds not containing 
as ligands groups readily displaced by water agreed 
completely with the theory. Petersen also tried to 
verify his conductivity measurements by cryoscopic 
studies, but he encountered some discrepancies. J¢r- 
gensen (15) seized upon these in an attempt to discredit 
the entire conductivity method and hence all of Werner 
and Miolati’s results. Actually, Petersen’s results 
did not support Jérgensen’s view any better than they 
did Werner’s theory. 


Conclusion 


It was only natural that Werner’s views, marking a 
sharp break in the classical theory of valency and 
structure, should have seemed too radical to Jérgensen. 
When Werner first proposed his theory, the octahedral 
configuration for cobalt(III) was a mere guess without. 
adequate experimental verification. At this time, on 
the other hand, the older man had already devoted 
many years to thorough investigations of metal-ammine 
complexes and had accounted for his findings by a 
consistent application of Blomstrand’s chain theory, 
which he modified, but only when absolutely necessary. 
However, when Werner (19) in 1907 finally succeeded 
in preparing the missing violeo (cis) series of dichlorotet- 
ramminecobalt(III) salts whose existence was a 
necessary consequence of his theory, but not of Blom- 
strand’s, Jérgensen promptly acknowledged the validity 
of Werner’s views. 

Another necessary consequence of the octahedral 
configuration was the fact that compounds of type 
M(AA);, i.e., compounds in which the coordination 
number of the central metal ion is fulfilled by three 
symmetrical chelate groups (which can only span cis 
positions), should be optically active. When Werner 
in 1912 succeeded in resolving into optical antipodes 
compounds of type [M{C:H,(NH2)2}3]X3 of cobalt(III) 
(25), chromium(III) (26), and rhodium(III) (27), the 
correctness of Werner’s views became all the more 
apparent to Jérgensen. Yet because of the prevalent 
view that optical activity was connected with carbon 
atoms, a number of Werner’s contemporaries objected 
that the optical activity was due to the ethylenedi- 
amine molecules, even though these are optically inac- 
tive. Finally, in 1914, when Werner (28) succeeded in 
resolving the completely inorganic compound dodecam- 
mine-u-hexol-tetracobalt(IIT) bromide 


OH 
O 


using silver dextro-a-bromocamphor-7-sulfonate, even 
his most sceptical opponents were silenced, and the 
octahedral configuration of cobalt(III) was unequivo- 
cally established. Ironically, this compound, which 
forged a crucial link in the proof of Werner’s coordination 
theory, was first prepared by Jérgensen (29), the fore- 
most exponent of the rival Blomstrand chain theory. 
The contioversy between Jérgensen and Werner 
over the constitution of metal-ammine complexes pro- 
vides us with an excellent illustration of the synergism 
so often encountered in the history of science. During 
the course of this competition, conducted without any 
trace of jealousy or rancor, each chemist did his ut- 
most to prove his views, and in the process a tremen- 
dous amount of fine experimental work was performed 
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by both. Although not all J¢rgensen’s criticisis 
were valid, Werner, in many cases, was forced to 
modify various aspects of his theory. However, the 
basic postulates were verified in virtually every p: r- 
ticular. 

Although Werner’s ideas eventually triumph: d, 
Jgrgensen’s experimental observations are there 
in no way invalidated. On the contrary, his experi- 
ments, performed with extreme care, have proven coin- 
pletely reliable and form the foundation not only of the 
Blomstrand-Jgrgensen theory, but of Werner’s as we'll. 
From the very beginning of the controversy, Werier 
continually acknowledged his great debt to the older 
man. For example, in 1913, on his return to Zurich 
from Stockholm where he had received the Nobel prize, 
Werner addressed the Kemisk Forening in Copenhagen, 
acknowledging the important role that J¢rgensen’s 
experimental contributions had played in the develop- 
ment of the coordination theory. Unfortunately, 
Jgrgensen’s grave and final illness prevented the meet- 
ing of the two great adversaries. 

Eduard Farber, on the occasion of the hundredth 
anniversary of Wilhelm Ostwald’s birth, discusses 
Ostwald’s twofold division of scientific genius (30). 
This dichotomy seems particularly applicable to 
Jgrgensen and Werner. In J¢rgensen, the conserva- 
tive, we have the classic type, the slow and deep-digging 
completer who produces with long deliberation and 
slowly develops a traditional theory to new conse- 
quences. In Werner, the liberal, we have the romantic 
type, the impulsive and brilliant initiator who pro- 
duces prolifically and easily at an early age. Each 
needs the other. Science has need of both. 
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With the rapid growth of the gas-chro- 
matographic technique in recent years, there has been 
a parallel emphasis on the design of thermal conduc- 
tivity cells (katharometers) for use as detectors. The 
design theory for hot-wire katharometers has been dis- 
cussed thoroughly (1, 2, 3), and information on the char- 
acteristics of thermistors also is readily aveiiable (4). 
However, the actual construction of a s»tisfactory 
katharometer often requires skillful use of giass blowing 
ormachine shop practice. In order to circumvent these 
construction difficulties, the simple katharometer shown 
in the accompanying figure was designed. No glass 
work is required and the only necessary tools are a drill, 
hacksaw, file, tap, and soldering facilities. 

The katharometer block is cut from a piece of brass 
rod stock. Axial holes, '/s-in. in diameter, are drilled 
to provide gas paths. At one end of the block the holes 
are reamed for a short distance with a larger drill and 
then tapped to accept standard brass fittings. The gas 
paths for the reference and the sensing sides are iden- 
tical and are as indicated by the arrows, W. The up 
and down paths for each half of the cell are joined by 
flat brass caps, soldered to the katharometer block at Z. 
The horizontal path in each cap is prepared by chemi- 
cal etching after masking the piece with paraffin. The 
additional time of gas residence within the block pro- 
vided by the U form of the path allows the sample to 
come to temperature equilibrium with the katharome- 
ter. 

Holes are drilled from the side of the block to accept 
premounted matched filament (5) or thermistor (6) 
detectors. For our work, thermistors were used. The 
volume of each thermistor cavity was approximately 
0.6ml. The thermistor flanges were backed at X with 
plugs of Sauereisen cement. 

For operations at room temperature or below, a cop- 
per cooling coil can be soldered directly to the kathar- 
ometer block. For high temperature operation an elec- 
trie-cartridge heater (7) and a regulating device (8) may 
be inserted into two holes drilled directly into the block. 


This katharometer was designed in connection with work sup- 
ported by the U. S. Atomic Energy Commission. 
hie address. Bell Telephone Laboratories, Murray Hill, 


A Simple Katharometer Design 


The katharometer was constructed originally for 
studies on the chromatographic separation of hydrogen 
isotopes (9). However, the design should be applicable 
for a variety of problems. 
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Katharometer for gas chromatography. 
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The apparatus commonly used in general 
chemistry to determine molecular weights of volatile 
liquids consists of a flask fitted with a cork stopper 
equipped with a capillary escape tube. The cork may 
be wrapped in aluminum foil to reduce absorption of 
vapor. Modifications of this apparatus which avoid 
the use of a stopper have been described.!' » * An 
error which seems to have received less attention is 
caused by evaporation of condensed liquid while the 
flask is being cooled and weighed. 

The apparatus shown in the figure is designed to 
eliminate errors due to absorption and evaporation. 
The bulb is made by drawing out the neck of a 200-ml 
Pyrex flask and sealing it to a piece of glass tubing. 
The tube is compressed at one point to form a ring so 
that the bulb can be suspended from the arm of an 
analytical balance. The cap is made by sealing a piece 
of capillary tubing to a piece of Pyrex tubing just large 
enough to slip over the top of the bulb. The volume of 
the bulb is determined and marked on it. 


A cork stopper is inserted in the top of the bulk which is then 
weighed to +0.001 g. The stopper is removed, a few milliliters 
of liquid added, and the cap slipped into place. The apparatus 
is clamped in a water bath so that the water level is at the narrow 
section of the bulb. The water is boiled gently for five minutes 
after all the liquid appears to have veen volatilized. The cap is 
then slipped off and the cork stopper quickly inserted. The flask 
is cooled to room temperature and the stopper removed momen- 
tarily to allow air toenter. The stopper is reinserted; the bulb is 
wiped off and weighed, and the molecular weight calculated. 


Diffusion of vapor or steam through or around the 
cap is negligible unless heating is extended for more than 
15 minutes after the liquid has been volatilized. A 
small amount of vapor may escape while the cap is 
being replaced by the stopper. So long as this exchange 
is carried out rapidly, the loss is insignificant. There 
is no tendency for vapor to escape when the stopper is 
removed momentarily since air flows into the partially 
evacuated bulb at this point. 


1 RANDALL, D. L., J. Coem. Epuc., 31, 297 (1954). 

2 CAMPBELL, J. A., AND STEINER, L. E., ‘Laboratory Experi- 
ments in General Chemistry,’’ The Macmillan Co., New York, 
1955, p. 57. 

3 Srenxo, M. J., AND PLANE, R. A., “Experimental Chemistry,”’ 
McGraw-Hill Book Co., Inc., New York, 1958, p. 79. 
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Vapor Density Apparatus for 
General Chemistry Laboratory 


Two or more determinations can be carried out in a 
3-hour period. The apparatus is easily cleaned by 


evacuating with a water aspirator. The bulbs are 
quite-sturdy; 300 students using 40 bulbs over a one 
week period broke only one of them. 


8 mm. DIAM. 


10 mm. DIAM. 
CAP 


BULB 


Special apparatus. 


The accuracy and precision of this experiment were 
checked with a class of 600 students using 5 liquids 
boiling from 60-84°C as unknowns. Half of the 
students used the apparatus shown in the figure; the 
others used an Erlenmeyer flask fitted with a cork 
stopper wrapped in aluminum foil. The molecular 
weights reported were corrected for deviations of the 
vapor from ideal gas behavior and for the air displaced 
by vapor in the final weighing. 

With carbon tetrachloride, the median molecul:r 
weight using the special apparatus was 156; the con- 
ventional apparatus gave a value of 150 (theoretical = 
156). The poorest results were obtained with the 
lowest boiling liquid, isopropyl bromide, which g:\ve 
medians of 119 and 114, respectively (theoretical = 
123).. The comparative precision of the two meth« is 
is indicated by the fact that 54% of the molecu'ir 
weights obtained with the special apparatus w:'e 
within +3% of the median while only 18% of tho-e 
obtained using Erlenmeyer flasks were within t!'s 
range. 
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Deutscen of CHEMICAL EDUCATION 


A task assigned this committee was the preparation of a “‘sum- 
m:ry of the many programs and proposals concerned with the 
improvement of chemical education in the high schools.’’ The 
fo!lowing list enumerates those programs considered by the com- 
mi‘tee to be significant in scope and impact: 
Ed ational Conferences and Institutes (1959) 

NSF Institutes and Conferences for high school teachers. 

NSF Summer Research Experience Appointments for high 
school teachers. 

Reed College and Wesleyan University Conferences (ACS 
Division of Chemical Education). 

Reports of NSTA Conferences at San Jose State College and 
Swarthmore College. 

Teaching Aids 

MCA open-ended chemistry laboratory experiments (available 
free upon request). 

ACS-NSTA Tests in High School Chemistry. 

The results of the experience in teaching chemistry by TV in 
Cincinnati, Baltimore, and Rochester. 

“Chemistry, an Introductory Course,’’ 160 lecture-laboratory 
sessions on film by John Baxter, produced by Encyclopedia 
Britannica Films. 

MCA and other films. 

Twenty-one filmstrips in chemistry; 12 others in preparation 
from McGraw-Hill Educational Films. 

Atomic- and ionic-size charts and the expanded chart form of 

the Periodic Table. 


Across 41. Rare gas 
42. Employ 
1. State of matter 43. 45 inches (plural) 
4, energy 
8. Pastry 
ll. Unit of electric current Down 


12. Boyles and Charles 


13. 198 inches 1. Lead sulfide 

14. An untruth 2. Compound containing 

15. 100 square meters (plural) —NH: 

16. Formic acid is a 3. (0H/dT')p (two words) 
carbon acid 4. point 

17. Surround 5. earth 

19. Developed mass spectro- 6. Female sheep 
graph 7. Literary composition 

21. Cry of horse 8. 5f rare earth element 

22. Spectral series 9. Citrylidiene acetone 

23. Iron 10. Paradises 

24. Symbols for frequency 18. Era 

25. Cerium 20. Samarium 

26. Lithium 22. Lumen per square meter 

27. Particle in a a metal 

28. Lieutenant (abbreviation 26. 1000 cubic centimeters 
30). 10-* meters 27. Boron hydride 

32. Salt containing oxygen 28. 61 (Roman) 

34. 29. function 

35. Compounds containing 30. 100 centimeters 
31. Rhenium 

36. Golf mound _ 382. Signs 

37. Hindu God 33. Lairs 

39. Party holding office 35. p-propenylphenol 

40. Age 38. Coagulated sol 


Report of Subcommittee for Improving Secondary School Chemistry 


Crossword Puzzle 


remerican Chemical Society 


Curriculum Studies 


The NSTA committee has studied new developments in science 
curricula. 

A chemistry course based on bonding is being studied at the 
present time (information available from Prof. L. E. Strong, 
Earlham College, Richmond, Indiana). 

This committee suggests also considering other approaches such 


as: 
The periodic arrangement. 
Major principles. 
The historical approach (case histories). 
Organic and biochemistry. 
Revision of commercially published high school textbooks by 
their authors and editors should be considered. 


Local Aid-to-Education Programs 


Radio and TV programs by the several ACS Sections (see C & E 
News for listing). 

Participation of local sections of ACS, AIC, SM in high school 
programs (contact local officers). 

Participation of chemical employees in chemical education 
through MCA and chemical companies (contact public re- 
lations department of companies). 


Rosert H. chairman 
Rosert E. HENzE 
E.Lsert C. WEAVER 


Bert H. Clampitt 
Wichita, Kansas 
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LETTERS 


To the Editor: 
When using aspirator pumps the water splashing has 
always been a nuisance. 
A simple method to prevent this is to remove the 
asbestos from a 4 X 4 in. wire gauze, asbestos centered. 
Press the wire into the drain outlet to raise the center 
of the wire. Place the wire in the sink directly under 
the aspirator and the splashing will be at a minimum. 
Dante Boryta 
Sarnt MicHakEv’s 


WInooskI Park 
VERMONT 


To the Editor: 


In the June, 1959, issue of TH1s JouRNAL, Morimoto 
and Kahn! described simple equipment to make 
carrier-free radioactive lead 212 (thorium B). They 
use solid thorium hydroxide as an emanating source 
and collect the thorium B in aa electric field. 

Some years ago, we described another method for 
making carrier-free thorium B, which is even simpler.? 
The method consists essentially in passing a current of 
air through a sinter into a flask containing a saturated 
solution of thorium nitrate in equilibrium with its 
decay products. The air takes up some of the thoron 
and then carries it through a second flask filled with 
dilute acid. Part of the thoron dissolves in the acid 
and decays there (half life 54.5 sec) to give first short- 
lived thorium A and subsequently thorium B. 

It was shown that in the given set-up a velocity of 
the air current of about 5 ml/sec gave optimum yield. 
Activities of the thorium B of the order of 10° dis- 
integrations per minute can be obtained easily. This 
is more than sufficient for most demonstration experi- 
ments and for much research work with radiolead. 

However, if even greater activities were desired, 
these could be obtained by using as the source of 
thoron not ordinary thorium but either radiothorium 
or mesothorium in equilibrium with radiothorium. 
In these cases, the production rate of gas per ml of 
solution could be much higher than with the natural 
mixture of thorium isotopes. 

E. Bropa 
ANORGANISCH- UND PHYSIKALISCH-CHEMISCHES 
INSTITUT DER UNIVERSITAT 


WAHRINGER Strasse 42 
Vienna IX, Austria 


Morimoto, E. M., anp Kaun, M., J. Cuem. Epvuc., 36, 
296 (1959). 

* Bropa, E., Fasrrscnowrtz, H., anp T., Mon- 
atsh. Chem., 83, 482 (1952). 


530 / Journal of Chemical Education 


To the Editor: 


As a result of many demonstrations of “The Ny on 
Rope Trick” (J. Cuem. Ep., 36, 182 (1959)), there jias 
been devised a variation of this polycondensation 
experiment which is dynamic and yet does not require 
winding devices. It is continuous and self-propelled. 

A Satisfactory way to get a spontaneous flow of 
film is to conduct the collapsed film from the center of 
the vessel over a glass rod or tube and then out ind 
down over a second rod. A fall of about three to four 
feet is necessary for the film to flow continuously. 
The required height depends on the size of the vessel, 
the solvent and reactant system, and the distance of 
the aqueous surface from the guide rod. Figure | 
shows a simple way of arranging guides from wire :ind 
medicine droppers. The main requirement for easy 
flow is a very smooth inert surface. 

The length of time during which the film will form 
continuously depends on the components and the 
physical dimensions of the system. A_ preferred 
recipe is 1.5 ml sebacoyl chloride in 50 ml perchloro- 
ethylene and 2.2 g hexamethylenediamine and 4.0 g 
sodium carbonate in 50 ml water. These reactants in 
a 200-ml tall-form beaker (2!/, in. id.) will produce 
film for 8 min at about 14 ft/min. Speeds up to 60 ft/ 
min can be obtained by allowing the rope to fall a 
greater distance. The flow of rope can be stopped by 
pushing it to the ends of the guides or against the 
wall of the beaker or by reducing the length of over- 
hanging rope. The flow can be resumed by centering 
the rope on the guides and giving it a pull. 
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Figure 2. Side view of apparatus for continu- 
ous polymerization. 


Figure 1. 


For the purpose of a long exhibition the process can 
be continued by arranging separatory funnels and 
tubing as reservoirs from which to replenish the ph:ses. 
The feed line for the lower phase should not go thr: ugh 
the interface. It must enter through the wall of the 
vessel below the interface or be cemented smooth! to 
the inside of the vessel so securely that no liquid oes 
behind it. An alternative arrangement is show: in 
Figure 2 wherein the aqueous phase is placed insile @ 
large open tube supported in a somewhat larger vvssel 
containing the organic solvent. Both phases ay 
then be replenished externally. 


W. MorGan 
STEPHANIE L. 
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BOOK REVIEWS 


Nuclear Magnetic Resonance 


John D. Roberts, Professor of Organic 
Chemistry, California Institute of Tech- 
nology. McGraw-Hill Book Co., Inc., 
New York, 1959. viii + 118 pp. 
Figs. and tables. 16 X 23.5cem. $6. 


Any effort to translate the principles 
of a field such as magnetic resonance, 
which properly belongs on the research 
frontiers of modern physics, into less 
mathematical language suitable to the 
average organic chemist deserves our 
attention and support. Professor Roberts 
has on the whole been successful in pre- 
senting such a translation with little loss 
in rigor, and he has made clear the wide 
range of interesting organic chemical 
problems to which the techniques of 
nuclear magnetic resonance (NMR) can 
be usefully applied. (No doubt most of 
the future development and use of NMR 
will be carried out by chemists, simply 
because they are more aware of the prob- 
lems susceptible to attack by the method.) 

Roberts’ Preface states that the ‘“‘cover- 
age is illustrative rather than compre- 
hensive,’’ and this statement character- 
izes the book. It will not make the reader 
a capable operator of NMR equipment, 
nor will it make him an expert on the 
interpretation of the data. The first two 
chapters discuss the phenomenon of NMR 
and the nature and determination of the 
chemical shift parameter, which is the 
measurable quantity of greatest interest 
to the chemist. The treatment of nuclear 
relaxation and the characteristic relax- 
ation times in chapter one is the best 


—Reviewed in this Issue 


qualitative discussion of these topics 
which the reviewer has seen. Appendix A 
contains a treatment of the Bloch equa- 
tions for NMR line shapes, given in 
sufficient detail to avoid the usual gaps 
which are supposed to be “obvious’’ to the 
reader of such derivations. A series of 
plots of the phase relations of the radio 
frequency signal and the induced field 
at the receiver coil under various conditions 
of RF signal leakage is used to demonstrate 
with admirable clarity how the equipment 
must be operated to detect a pure ab- 
sorption signal. 

Chapters three and four describe the use 
of spin-spin splittings in the determination 
of structure and the application of NMR to 
studies of reaction kinetics. They suc- 
cessfully indicate the scope of these 
applications to organic chemistry (but not 
its other branches), and suggest some of the 
pitfalls in the interpretation of NMR 
spectra. Chapter 5 is a brief discussion of 
nuclear electric quadruple effects and the 
highly specialized double resonance tech- 
nique. 

Appendix C contains twenty problems 
on the determination of structure from the 
molecular formula and NMR spectrum of 
an unknown compound. Some of these 
depend upon rather specialized points 
mentioned briefly in the text, and the 
calculation of chemical shifts is handi- 
capped by an error in the units used in the 
fourth column of Table 1-1, which lists 
the proportionality constants relating 
magnetic field strength and frequencies 
which induce resonance. The column is 
headed ‘“‘megacycles per kilogauss,’’ but 


Linus Pauling, No More War! 


Perkin Centenary London 


L. Ivan Epstein, Nomography 


John D. Roberts, Nuclear Magnetic Resonance 
John R. Van Wazer, Phosphorus and Its Compounds. Volume 1: Chemistry 


L. W. H. Hull, History and Philosophy of Science 
Derek J. Price, Editor, The Pirotechnia of Vannoccio Biringuccio 


R. F. Bunshah, Editor, Vacuum Metallurgy 
Joseph I. Routh, Fundamentals of Inorganic, Organic, and Biological Chemistry 


G. Sykes, Disinfection and Sterilization 
Joseph I. Routh, Laboratory Manual of Chemistry 
Pail Pascal, Editor, Nouveau Traité de Chimie Minérale. Volumes 11 and 14 


Foster Dee Snell, Cornelia T. Snell and Chester Arthur Snell, Colorimetric Meth- 
ods of Analysis Including Photometric Methods. Volume 2A 


Joseph 8. Fruton and Sofia Simmonds, General Biochemistry 
D. D. Saratovkin, Dendritic Crystallization 
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the correct unit is megacycles per ten 
kilogauss, as stated on page 18. 

Roberts’ book is the best available 
brief introduction to the principles and 
particularly to the organic chemical 
applications of NMR. His treatment of 
these topics is adequate for the require- 
ments of the working organic chemist or 
for the student who wants to know what 
NMR is and what it can do. More 
rigorous and detailed discussions are 
available, and would be necessary for any- 
one planning active work in the field; 
references to these are collected in Appen- 
dix B. 

Rosert I. WALTER 
Haverford College 
Haverford, Pennsylvania 


Phosphorus and Its Compounds. 
Volume 1: Chemistry 


John R. Van Wazer, Assistant Research 
Director, Inorganic Chemicals Division, 
Monsanto Chemical Co., St. Louis, 
Missouri. Interscience Publishers, Inc., 
New York, 1958. xii+ 954pp. Many 
figs.and tables. 16 X 23.5em. $27.50. 


The author’s stated purpose in this book 
is “to lay a foundation for a new separate 
discipline—phosphorus chemistry.’’ Some 
unifying principles are stated, such as the 
stability of quadruply connected phos- 
phorus as compared to triply, and quin- 
tuply connected phosphorus. Some com- 
parisons are made for carbon, silicon, and 
phosphorus, with respect to bonding, 
catenation, and rates of reaction. How- 
ever, after the book is digested, it seems 
questionable to the reviewer whether 
phosphorus chemistry will prove to be 
sufficiently unique to permit the establish- 
ment of a sepatate discipline. 

The author has made no attempt to 
“review exhaustively the literature of 
phosphorus and its compounds,”’ but the 
889 pages of text and appendixes, and 
more than 3000 literature citations (some 
duplication from chapter to chapter), 
atests to the fact that a tremendous 
volume of literature has been covered, 
(through part of 1957). Certainly this 
volume is a very important contribution 
to the study of phosphorus chemistry. 
The author is to be complimented for 
taking on and sticking to such a herculean 
task. A second volume on the technology, 
functions, and applications will follow. 

In the first three chapters the ground 
work is laid for the discussion of the de- 
tailed chemistry of the following chapters. 
These chapters contain some of the sim- 
plest concepts of chemistry presented in 
unusual detail for this type of book. For 
instance, “electrons are diffuse negative 
charges with essentially no mass,”’ “these 
superscripts add up to 15”’ (in the electronic 
configuration of the neutral phosphorus 
atom), and the discussion of ionic and 
covalent bond on page 10. On the other 
hand, some of the more advanced physical 
chemical principles are presented in a 
brief and approximate fashion. In Chap- 
ter 2 the relationship between 2-bond 
character and bond distances is developed, 
and although the author comments that 
“this does not, however, show that’ 
x-bonding is the common cause for ob- 
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served bond shortenings and excess enthal- 
pies’”’ (p. 42), he uses the concept exten- 
sively through the book without further 
comment. Chapter 3 contains the foun- 
dations on which the detailed chemistry is 
developed and it is important as a sum- 
mary of the author’s philosophy of phos- 
phorus chemistry. The chapters all start 
with a brief historical introduction fol- 
lowed by a detailed presentation of data 
from the literature. 

Chapter 4 covers elemental phosphorus 
and phosphides; Chapter 5, the chemistry 
of the hydrides, halides, and pseudoha- 
lides, and their organic derivatives; 
Chapter 6, the oxides, sulfides, nitrides, 
and related compounds; and in Chapter 7 
the lower oxyacids of phosphorus, their 
salts, and esters. Much of the author’s 
own published work appears in Chapters 
8, 10, 11, and 12, which covers the struc- 
ture and properties of condensed phos- 
phates, individual chain phosphates, ring 
and branched phosphates, and amorphous 
phosphates including phosphate glasses, 
condensed phosphoric acids, and phos- 
phate esters. Chapter 9 covers ortho- 
phosphoric acid, its salts, and esters and 
it contains a detailed discussion of calcium 
orthophosphates. Chapter 13 contains in- 
formation on halo-, peroxy-, thio-, and 
amido acids of phosphorus. The book is 
completed with three appendixes, one list- 
ing data on phosphate minerals, the second, 
a collection of single bond distances and 
energies for use in calculations concerning 
phosphorus compounds, and the third a 
collection of thermodynamic data on phos- 
phorus compounds. 

There are few errors of fact, and some 
cases of too many literature references 
keyed to one sentence, with the result that 
the sentence does not accurately reflect 
the content of the papers. Each indi- 
vidual reader, especially those working in 
phosphorus chemistry will find statements 
to challenge concerning the interpretation 
of data, and the results of the author’s 
speculation, because he makes his points 
quite emphatically. Exclamation points 
are used freely! The book contains a 
wealth of structural data, some of which 
is based on nuclear magnetic resonance 
results. There are also many phase 
diagrams, and considerable information on 
the physical properties of phosphorus 
compounds. For its size, the book is 
amazingly free of typographical errors. 
All in all it is an excellent source of 
reference material. 


Epwin M. Larsen 
The University of Wisconsin 
Madison 


No More War! 


Linus Pauling, Professor of Chemistry, 
California Institute of Technology. 
Dodd, Mead and Co., New York, 1958. 
ix + 254 pp. 14.5 X 21 cm. $3.50. 


When 11,000 scientists of 49 countries 
petition the United Nations to stop nu- 
clear testing it is newsworthy. When 37 
of those petitioners are found to be Nobel 
Laureates, science teachers should be im- 
pressed. But when highly regarded sci- 
- entific apologists for the United States 
program of nuclear testing discount the 
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fears of those thousands of petitioners the 
public, maybe even the science teacher, 
is understandably confused. “No More 
War!” is addressed to the confused public. 

In ten chapters, starting with an intro- 
ductory, The End of War, there follows: 
The Nature of Nuclear Weapons; Radio- 
active Fallout; Radioactivity and Hered- 
ity; Radiation and Disease; The Facts 
about Fallout; Nature of Nuclear War; 
Scientists Appeal for Peace; Need for 
International Agreements and a Pro- 
posal; Research for Peace. Four appen- 
dixes contain two appeals by Albert 
Schweitzer; the declaration of the Nobel 
Laureates and a listing and classification 
of the signers of the United Nations peti- 
tion. 

A brief bibliography of pertinent books 
and journals and a double columned seven 
page index add to the book’s offering for 
those who would return to it for specifics. 
For those who are less than up-to-date on 
nuclear science the first two chapters are 
especially helpful. 

Aspects of the current controversy that 
receive especial scrutiny are: the illusion 
regarding clean bombs, the scarcity of 
public information regarding the super- 
bomb, the disregard of the cumulative 
build-up of radioactive poisoning in the 
human system, and the public apathy 
toward the generic long-range menace of 
radioactive fallout. That which has the 
least general agreement has to do with 
the effects of fallout upon germ plasm. 
It is conceded that it may now be too early 
to draw more than tentative conclusions 
on germ plasm mutations. However, 
when such seasoned generalizations are 
fully accepted it may be too late to repair 
the damage already wrought. 

This book is not altogether pleasant 
reading and the reader may not fully agree 
with all that is said. However, he may, 
by its help, escape from what the author 
calls “a protecting cloud of reassuring ver- 
bage.”” The horrors of nuclear war and 
the menace of nuclear testing will no longer 
be “something far away.” 


B. Ciirrorp HENDRICKS 
Lower Columbia Junior College 


Longview, Washington 


History and Philosophy of Science 


L. W. H. Hull. Longmans, Green & 

Co., Inc., New York, 1959. xi + 340 

pp. 66 figs. 16 plates. 15.5 X 22.5 
em. $5. 


The title of this book is somewhat mis- 
leading. It is actually a history of the 
development of the scientific method. As 
such it includes much of the history of 
science, especially for the earlier periods, 
and a considerable amount of the elemen- 
tary philosophy of science, including the 
relation of this specialized branch to the 
wider cosmological problems which the 
great philosophers of the past have at- 
tempted to solve. The changes in the 
relationship of science and religion over 
the centuries are discussed in some detail. 

The sections on Greek science are de- 
voted largely to the development of mathe- 
matics and astronomy, and well show how 
the basic principles of scientific method 


came from these sciences. The dev:lop. 
ment of mechanics in the Renaissance 
period is well treated, and the gradua| 
change in philosophical outlook as scien 
tific ideas assumed a more dominant, posi. 
tion is clearly shown. The influen:e of 
the separation of the separate scienc»s of 
chemistry in the eighteenth and bioloyy in 
the nineteenth centuries and their «ffect 
on society are discussed. Although the 
details of the development of chemistry 
are not given, there are few chemists who 
will not profit by reading this book. 

The illustrations are excellently repro. 
duced, but one serious error is made. We 
are shown pictures of the busts of such 
immortals as Hippocrates, Aristotle, and 
Archimedes as though these were authen- 
tic representations. The late George 
Sarton has often discussed the historical 
inaccuracy of such a procedure. A note 
of what must be conscious humor is intro- 
duced in the plate of the portraits of the 
four great evolutionists of the nineteenth 
century, on the overleaf of which are the 
portraits of four anthropoid apes. 

Although this book does not go deeply 
into either the history or the philosophy of 
science, it does correlate these subjects in 
a manner which is always interesting and 
stimulating. It should be of the greatest 
value to young scientists who have been 
exposed only to technical courses in their 
own fields. Such readers will find a whole 
new world opening to them, and many of 
them may be stimulated into becoming 
something more than mere technical ex- 
perts. 


Henry M. Leicester 
College of Physicians and Surgeons 
San Francisco, California 


The Pirotechnia by Vannoccio 
Biringuccio 


Edited by Derek J. Price, Institute for 
Advanced Study. Translated from the 
Italian with an introduction and notes 
by Cyril Stanley Smith and Martha 
Teach Gnudi. Basic Books, Inc., New 
York, 1959. xxv + 477pp. 94 figs. 
20 X 27cm. $8.50. 


The “Pirotechnia” was first published 
in 1540; it was the first printed work to 
cover the whole field of metallurgy. 
Its importance was evidenced by the 
subsequent appearance of numerous edi- 
tions in Italy, France, Germany, England, 
and now in the United States. These are 
discussed in considerable detail by the 
present translators and editors. This 
latest translation is the first complete 
translation of the ‘Pirotechnia’’ into 
English. It appeared first in 1942, was 
reprinted in 1943, and this 1959 issiie is a 
photographic copy of the 1943 printing, 
in which a few typographical error= have 
been corrected and the index exiended 
somewhat. The volume is beautifully 
printed and comes boxed. 

In harmony with the title, this text 
deals with the application of heat in the 
field of metallurgy and related areas. 
Among the chief topics are mining, 
working of ores, assaying, alloys, «sting 
(particularly of bells and cannon). pre}~ 


(Continued on page A638) 
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